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Nitro, West Virginia, Plant 


(GovERNMENT SMOKELESS PowpEer PLAnt INcLUDES Borer PLANnts To Suppiy 1,600,000 Ls. Stream 
per Hour; Coat HANDLING AND ELECTRICAL INTERCONNECTION SySTEMS AMONG INTERESTING FEATURES 


T NITRO, WEST VIRGINIA, 12 mi. be- 
low Charleston on the Kanawha River 
is the. $60,000,000 U. S. Government Ex- 
plosive Plant ‘‘C’’ for the manufacture 
of smokeless powder. In a consideration 
of the scope of its power plant field, four 
functions are outstanding: the genera- 





tion and distribution of steam, electrical energy and com- 
pressed air, and the pumping of water for the entire 








plant. The power station was designed by -Thomas 
Murray and operated under the supervision of Lieut. 
Col. Waring. 

Two boiler houses 300 ft. apart each containing 17 
boilers complete with automatic stokers, soot blowers, 
and all necessary equipment comprise the boiler plant. 
It was designed to furnish all steam necessary in the 
manufacturing areas, as required for all process work, 
and all power and heating, and was estimated at approx- 


FIG. 1. NITRO TURBINE ROOM 
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imately 1,604,000 lb. per hour or 160 per cent load on 
the operating boilers allowing two boilers in each boiler 
house to be down for repairs. 

Each boiler house is a steel framed structure with 
reinforced concrete sub-walls and corrugated iron super- 
structure having ventilated steel windows running con- 
tinuously on both length to provide light and air. 

Each building is 568 ft. long, 48 ft. wide and 36 ft. 
high above the boiler room floor with a basement 9 ft. 
high by 18 ft. wide for air ducts and inspection pas- 
sages and an ash pit 11 ft. wide by 18 ft. high. 

In each boiler house are 17 1034-hp. boilers which 
are equipped with two 250 ft. stacks. Each stack is 
connected to a re-inforced concrete flue which at maxi- 
mum cross section is 10 ft. 9 in. wide by 20 ft. high. 
The east stack in each building serves eight boilers and 
is connected to the flue between the breeching of the 
third and’ fourth boilers from the east end. The west 
stack in the building serves nine boilers and is connected 
to the flue between the breeching of the thirteenth and 
fourteenth boilers. All the boilers are set singly with 
a 9-ft. aisle between except between the eighth and ninth 
boilers from the east end of each house at which point 
there is a 21-ft. aisle. 

All boilers are water tube, baffled for four passes, 
the last pass leading down through a special designed 
cinder catcher which has proved quite effective. In the 
manufacture of smokeless powder the surrounding air 
should be as pure as possible, hence this special design 
was provided. Each boiler contains 472 tubes arranged 
16 tubes high and 30 tubes wide and four 3-ft, diameter 
steam drums, connected with front and rear headers, 
built of all steel plate, making a total heating surface of 
10,427 sq. ft. ALP boilers are designed and built to de- 
liver dry saturated steam at 200 lb. pressure with the 
exception of four boilers in the south boiler house which 
are equipped with super-heaters to supply the turbine 
driven units in the power house with steam superheated 
100 deg. Due to the extreme width of the boiler, 21 ft. 
10 in. over all, a water column was provided on each 
side of the boiler to indicate any variations in the water 
level across the width of the boiler. 


The furnace which is 19 ft. 2 in. wide and 9 ft. 1 in. 
from the inside face of the front arch to the front of 
the bridge wall is provided with a ten-retort underfeed 
stoker. Each stoker receives its power through a chain 
drive and clutch from a line of shafting running the 
full length of each boiler house underneath the boiler 
room floor. This line shaft may be divided into six 
sections by means of clutches operated from the boiler 
room floor. 

Over each stoker is a flat suspended arch which is ear- 
ried from the boiler pilasters, thus relieving the stokers 
of all the weight of the arch and allowing the stokers 
to be independent of the brick work. 

Directly underneath the roof and along the entire 
length of each boiler house, except at the 21-ft. aisle 
between the eighth and ninth boilers, a steel plate coal 
bunker is su®fended from the boiler house girders. 
It has a capacity of 314 tons of coal per foot of length 
or 110 tons per boiler, this amount being sufficient to 
run the plant for 40 hr. at full load. Coal is supplied 
to the stokers by means of three 14-in. downtakes. 
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Extending the full length of each boiler room igs q 
draft tunnel 13 ft. wide and 8 ft. high, from which air 
under pressure is delivered to each stoker wind box, by 
means of three 24-in. pipes. Air is supplied to each tun. 
nel by means of six full housed blast fans, each capable 
of delivering 100,000 cu. ft. of free air per minute 
against a static pressure of 6 in. Each fan is driven by 
a 200-hp. noncondensing turbine, operating at 1135 
r.p.m. 


Two 12-1In. Feep-WaterR Lines REeQuirep 


FEED-WATER is received from the pumps in the power 
house at a pressure of 250 lb. per sq. in. over two 12-in, 
lines, one of which is connected to the header in the 
south boiler house between the fourth and fifth boilers, 
and the other between the sixth and seventh boilers, 
There is a 10-in. loop line connected to each of these 
12-in. lines. One branch of this 10-in. loop runs east and 
is connected to the east end of the feed-water header in 
the south boiler house and continues to connect to the 
east end of the header in the north boiler house; the 
other branch runs west and is connected with the west 
end of the header in each of the boiler houses. 

An 8-in. feed-water header extends the full length 
of each boiler house. There is a valve between each 
two boiler connections, as well as at each inlet to the 
header so that in the event of any leak in the header 
only one boiler is affected. 

Each of the four drums of the boiler is tapped for 
a 2-in. feed-water connection and these are fed from a 
4-in. connection to the header through a 214-in. feed- 
water regulator. All the fittings on the feed-water line 
are American standard extra heavy. The header and 
loop in the south boiler house are made up with welded 
joints except at fittings where Van Stone joints are 
used. In the north boiler house Van, Stone joints are 
employed throughout. 


StreEAM DistripuTION LINES 


IN EACH boiler house there is a 14-in. main steam 
header running above the boilers and extending the full 
length of the boiler. house. 

Two 12-in. and one 8-in. line supply the power house 
with high pressure steam, the two 12-in. lines supply- 
ing superheated steam and the 8-in. line supplying dry 
saturated steam. The two 12-in. lines are tied into a 
12-in. loop header which furnishes steam to the turbo 
generators and the turbine driven pumps in the pump 
room. The 8-in. line is connected to an 8-in. header 
which loops around and ties into the 12-in. superheated 
steam header through a pressure reducing valve. This 
header supplies steam to the air compressors and recip- 
rocating pumps. 
~ The exhaust line consists of a complete loop around 
the power house which discharges through three 34-in. 
lines into the three feed-water heaters. All of the units 
in the power house discharge into this loop either di- 
rectly or through smaller loops. The main loop is 18 in. 
in diameter at its smallest point and is tapered from this 
size to 36-in. at the feed-water heater. Two 24-in. ex- 
haust lines from the boiler houses discharge into the loop 
at either side of the connections to the feed-water heaters. 

All the exhaust steam of both the boiler houses and 
the power house was to have entered three open feed- 
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water heaters, each heater being capable of heating 600,- In the foregoing tabulation, the work listed as com- 
000 Ib. of water per hour from 80 deg. F. to 210 deg. F. pleted includes only that portion which was ready to 

Owing to the signing of the armistice, much of the transmit steam. In addition to this amount there was a 
work contemplated was not completed. In the following large portion of the work in a partial state of comple- 
table the extent of the steam distributing piping work _ tion, making the total amount of work done approxi- 


js shown. mately 80 per cent of that contemplated. 
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dry FIG. 2. EXTERIOR OF NITRO PLANT FIG. 3. METHOD OF COAL DELIVERY EMPLOYED 

fo a Fig. 5. AIR COMPRESSORS AT NITRO FIG. 4. GENERAL VIEW OF BOILER ROOM 

mee Steam DISTRIBUTION All oe pe ey - the rgrngpeesier areas a 
? , : transmitted and distributed over a general system 0 

eee Size of Pipe Length of Line Length Completed outside piping. Dry saturated steam at 190 lb. enters 

[his = Contemplated—ft. te 990 the system at the boiler houses and the pipes are of 

cip- Peon 14-665 such a size that with the system operating at full capac- 

’ wor ity, 140 lb. can be maintained at the most remote point 
900 35 on the system utilizing high-pressure steam. 

ane 8 9,250 6,400 Placed next to this outside pipe is 114 in. of asbestos 

pm. 6 1,200 1,000 air cell and outside of this, a layer 114 in. thick of 85 

ae 5 1,500 3,595 per cent magnesia was provided. This covering was 

- 4 2,525 2,045 protected with a cork covered asphalt jacket, held in 

+ 3 12,000 - 5,695 place with copper banding wires. 

this 2 1,000 455 : 

ex- 2 3,500 85 SroracGe SPACE For 75,000 Tons or Coan 

oop 1 12,650 1,000 CoAL HANDLING equipment was provided to receive 

ers. 1 3,200 25 coal either by rail or by boat on the Kanawha River. 

und In case the coal was received by rail, the cars were 


ed- 74,325 37,890 run on a trestle 650 ft. long, which parallels the two 
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boiler houses and is located centrally between them. 
Joal was dumped from the cars on this trestle into a 
storage space below. Between the trestle and each of 
the boiler houses an embankment was constructed carry- 
ing a track on which a locomotive crane, with a 5-yd. 
clam shell bucket was operated. Total storage space was 
capable of holding 75,000 tons of coal or sufficient for 
35 days’ operation of the plant at full capacity. 

Capable of crushing 300 tons of coal per hour, a 
traveling coal Grusher was mounted on each of the boiler 
houses and run on a track extending the full length of 
the boiler house, supported by the boiler house structural 
steel work. 

When coal was received by boat, it was arranged to 
spot a car at the boat landing and transfer coal from 
the boat to the car by means of a locomotive erane. 

It would then be handled in the same manner as 
though it had been received by rail. Provision was made 
to weigh all the coal on a 100-ton track scale located 
near the west end of the trestle. 

In the basement of each boiler house, a line of track 
running directly underneath the ash hoppers on the 
boilers was provided with two storage battery loco- 
motives and six dumping ash cars. 

In the 21-ft. aisle between the eighth and ninth 
boilers from the east end of each boiler house are in- 
stalled two ash hoists each containing a 60-cu. ft. skip 
bucket into which the ash cars discharge their contents. 
The ash skips travel in a structural steel frame work 
and each skip is driven by a 15-hp. motor automatically 
controlled from the ash pit in the boiler house. Each 


hoist has a capacity of 30 tons of ashes per hour. 
Having a capacity of 13,800 cu. ft., a reinforced con- 
erete ash bunker is situated just outside of each boiler 


house. Head houses of the skip hoists are located in 
the top of these bunkers into which the skips automati- 
cally discharge their contents. The capacity of these 
bunkers is such that they will hold a three days’ run 
of ashes with the boilers being operated at normal 
capacity. The layout is such that standard gondola 
cars may be run underneath the bunkers and the ashes 
emptied through duplex coal gates. 


Two TRANSMISSION LINES TO VIRGINIAN PowErR Co. 


Nirro’s MAXIMUM electrical energy approximated 
19,700 kv.a., of which 2600 kv.a. was required for light- 
ing and 17,100 kv.a. for power. It was decided to sup- 
ply this power by installing a 20,000-kw. turbo-generator 
at the Cabin Creek Station of the Virginian Power Co., 
15 mi. above Charleston, and 30 mi. from Nitro. Steam 
for this unit was supplied by the addition of ten 750-hp. 
boilers at Cabin Creek. It was recognized that after 
the war this unit would be utilized in providing for 
the ever-increasing power demands of the coal mines in 
the vicinity. The unit was installed by the power com- 
pany for the government at cost plus a contractors’ 
profit and was to hava been operated by the power 
company under a contract which included only the cost 
of operating labor supplies. This energy was to have 
been received over two transmission lines, one running 
from a substation at Charleston and operating at 
44,000-v., and another on the opposite side of the river, 
a steel tower line running from Cabin Creek and operat- 
ing at 66,000-v. The 44,000-v. line has been completed. 


POWER PLANT 
ENGINEERING 


October 1, 1919 


Energy from both these lines was to have passed 
through a transformer station and stepped down to 6600 
v. by means of three banks of transformers connected 
Y-delta. Two banks of three 2500-kv.a. transformers 
were to operate on the 44,000-v. line, and one bank of 
three 5000-kv.a. water cooled transformer was to serve 
the 66,000-v. line. 

Three 1000-kw., 6600-v., 60-cycle turbo-generators 
were installed at Nitro as reserve units. Under normal 
operation these units were floated on the line for power 
factor correction, their fields having been designed in 
view of that purpose. 


ESSENTIAL AND Non-EssentiaL Loap 


ALL ELECTRICAL demands were classified as ‘‘esgep- 
tial’’ or ‘‘non-essential.’’ On the essential line was 
included all outside lighting and such inside lighting 
the absence of which would have involved risk, and 
motors in acid areas. 

Of the ring type, the main bus is divided into four 
sections, the west two sections being known as the non- 
essential busses and the essential busses will form a com- 
plete operating unit and the generators and feeders 
ean be thrown on to either the north sections or the 
south sections through selective disconnect switches. Any 
section of the ring bus can be tied to the adjacent sec- 
tion of the ring on either end through oil switches. 
Four 5000-kw. feeders deliver energy from The Vir- 
ginian Power Co. to the non-essential section of the 
bus. Three 1000-kw. generators located in the power 
house deliver energy to the essential section of the 
busses. ‘Two station feeders which supply all the elec- 
trical energy in the power house and the boiler house 
and two outgoing feeders which supply that section of 
the plant load which were considered necessary to be 
operating at all times are connected to the essential see- 
tions of the bus. A feeder supplying the series arc 
lighting equipment also was to have been connected to 
this section of the bus. Six additional outgoing feeders 
are connected to the non-essential section of the busses. 

Oil switches tying the essential to the non-essential 
are of the automatic type and may be opened by means 
of current transformers connected in the generator 
leads. In the event that the power supplied by The 
Virginian Power Co. was suddenly discontinued, that 
portion of the load which they had been carrying would 
immediately come upon the three Nitro generators. 
Should this load be of such magnitude as to overload the 
generators, the automatic switches tying the non-essen- 
tial to the essential busses would automatically open 
and would immediately relieve the generators of all 
load except that connected to the essential bus, thus 
insuring continuous service on this portion of the load. 
Due to the importance of maintaining the electrical 
service, duplicate bus equipment was used throughout 
both on the 6600-v. distribution busses and the 125-v. 
d. e. busses. 

Approximately 165 ft. long, 78 ft. wide, 38 ft. high, 
the power house is located just south of the south boiler 
house and is divided into four rooms; the one known 
as the pump room, being situated at the lowest level, 
contains the fire pumps, general service pumps, booster 
pumps and feed-water pumps. Immediately above the 
pump room is located the switchboard gallery. . 
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FUEL CONSERVATION LETTERS 


By JosEPH HARRINGTON, FoRMERLY ADMINIS- 
TRATIVE ENGINEER FOR THE STATE OF ILLINOIS 


Feed Water Regulation. Letter No. 18 


N THE concluding paragraph in my letter on the Distribution of Boiler Room Load, I com- 
mented on the interesting influence on boiler output of correct feed-water regulation. This 
was putting it mildly. I could well have said that the influence on the steaming of a boiler of 

feed-water regulation is truly astonishing. Not until after one has had experience with the 
flow meter does one begin to appreciate this. 

To him who may not believe that feed-water regulation is‘a delicate proposition, I suggest 
the placing of a recording flow meter on the feed-water line. For instance, an open 2-in. 
feed valve on a 500 h. p. boiler can deliver enough water practically to prevent that boiler from 
producing steam. 

A test once conducted with a flow meter on the feed line showed that a single turn of the 
feed valve sent enough water into the boiler to drive the flow pen to the extreme limit of the 
chart. At the same time, the steam meter on the outlet pipe went almost back to zero. 

Hand regulation is usually of this kind. The water tender will, upon seeing the water low 
in the glass, give the feed valve a turn or two and frequently several turns. After a while, he 
comes back to find the water high in the glass and nearly or entirely shuts off the valve, only to 
repeat the operation many times a day. The influence of this on the aggregate plant output 
with a number of boilers in service may not be particularly noticeable unless the same thing 
happens with several boilers simultaneously; but the individual flow meter charts will look like 
gaudy sunflowers with radial lines from center to circumference at every adjustment of the 
feed valve. The effect of this, apart from the 
danger to the boiler, cannot but be destructive 
of efficiency. It can probably be compared ‘Gore, 
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Boiler testers desiring to get the most out of 
their.equipment are particularly insistent upon 
even feed. 

Varying load conditions demand vary- 
ing rates of water feeding. These demands 
are usually unexpected and the water tender 0 
does not know that the rate has increased V2 ee ee ee eee 
until he finds the water low in the glass. Of Winis osceals She: Midna 
course, a steam flow meter placed where the 
attendant can see it would assist materially in indicating that more or less feed-water is re- 
quired, even before it shows in the glass. The closest watch, therefore, must be given and con- 
ditions anticipated as much as possible. With dropping steam pressure and a strong feed, it 
is next to impossible for the fireman to build up the pressure quickly. In his attempts to 
do so, he is more than likely to overload the furnace, produce smoke, and injure the brickwork. 

In the hands of the skillful operator, these phenomena can be turned to good account. 
In other words, in case of a sudden demand for maximum output, a shutting-off or restriction 
in the boiler feed will serve to boost the boiler output for a little while to extreme limits. On 
the other hand, during the noon hour or any other sudden let-down of the load, the boilers can 
be kept from popping and much good heat that would otherwise be wasted, can be saved by 
feeding heavily for a little while. An automatic feed-water regulator accomplishing this effect 
would obviously, therefore, be desirable. - 

There is one thing in the boiler room that the feed-water tender will not permit anyone 
tampering with, and that is the feed valve. He rightly considers the proper feeding of water 
to be an art and will not tolerate interference from the outside. This is not only right, but 
necessary; because of all the things required about the boiler room, an adequate supply of water 
to the boiler is the most vital. It is the one thing above all which must be attended to. The 
feed-water tender therefore feels that he is occupying a most responsible position, and 
should be encouraged to feel that proper feeding is both a responsible and a delicate operation. 
A reliable feed-water regulator is both an insurance and an element of economy. 
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Fuel Oil---] 


PRESENT USEs OF CALIFORNIA OIL; GRAVITY AND HEAT VALUE; 
ADVANTAGES OvER CoaL as FueLt. By CHARLES W. GEIGER 


HE CHIEF use of fuel oil on the Pacifie Coast is 
for transportation purposes. As an index to the 
increased use of fuel oil by the railroads of the State 
of Califonia, it will be noted that in 1906 the total con- 
sumption was 10,864,000 bbl., while in 1917 it was esti- 
mated at 21,844,000 bbl. In 1902 the Southern Pacific 
Railroad used about 2,000,000 bbl. of oil, while for 1917 
consumption was 16,000,000 bbl. for this one company. 
During the period the trade efficiency of the railroads 
has inereased so that the freight drawn one mile by the 
power developed from one barrel of oil has grown from 
750 tons to 930 tons. During a period of 11 yr. the 
total consumption of oil of the following railroads has 
increased on an average of 10 per cent per year: South- 
ern Pacific, Santa Fe, Western Pacific and Northwestern 
Pacific. ‘ : 
At the present time, in addition to the railroad use, 
the Pacific steamship lines, both those operating along 
the cost and those engaged in export trade, and public 
utilities, which include the telephone, gas and electric, 
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water and street railway companies, are all large con- 
sumers of fuel and are wholly dependent upon oil. 

The varied use of oil in the industries is shown by 
the fact that the marketing companies have large con- 
tracts (at the present time, as the contracts expire, they 
are not being renewed by the oil companies) with mining 
and smelting companies, the manufacturers of explosives, 
chemicals, fertilizer, salt and soap, with tanneries, lime 
and cement plants, and lumber and planing mills. In 
the production of food, fuel oil is used in farming for 
pumping and traction engines, in sugar refineries, ice 
plants, restaurants, bakeries and creameries ; in the heat- 
ing of buildings, such as hotels, apartment houses, of- 
fices, school houses, hospitals, United States Government, 
State, County and City, construction and reclamation 
work, printers and publishers, the packing houses, silk, 
felt, cotton and wool mills. 

As an indication of the expansion of industries out- 
side of California dependent upon fuel oil, the following 
facts are worthy of note: Since 1912 the quantity of oil 


required for the operation of mines and smelters in 
Nevada and Arizona has more than doubled. The 
Canadian demand has increased 414 times since 1909 
and, though coal is comparatively cheap, the greater 
convenience, assurance of supply and economy of opera- 
tion afforded by oil have made its continued use certain 
in a majority of instances. Fifty per cent of the con- 
sumption in Canada and Washington and Oregon sup- 
plied by the California companies is credited to the 
railroads. The Canadian Government requires the fir- 
ing of oil through certain forest reserves as a matter of 
fire precaution, and for the same reason our Northwest- 
ern railroads are further influenced to the use of oil 
as fuel. 

From the foregoing it will be seen that fuel oil is 
now essential to the transportation service and indus- 
trial development of the entire Pacific Coast. 

On the Pacific Coast the deposits of coal now devel- 
oped and suitable for industrial use, aside from coal 
fields of Washington and Vancouver Island, are neg- 
ligible, and the high transportation costs, with the diff- 
culties of coastwise shipping, would have combined to 
make the substitution of any economical fuel for coal 
an easy and rapid transition. 

The remarkable development of the California oil 
fields following 1900 and the early excess of heavy oil, 
suitable at the time only for fuel purposes, gave the rap- 
idly expanding industries of the Pacifie Coast a satis- 
factory solution of their fuel problem. 

Unlike the situation in the East, the demand for 
refined products of California oil was small, the propor- 
tion of distillate was disappointing, and the ratio of 
crude oil of refining gravity to the heavier fuel grades 
was 10 per cent and less. These conditions combined to 
cause the widespread adoption of oil, which seemed a 
logical souree of power and heat. The oil industry of 
California is still essentially a fuel oil industry, although 
the proportion of refined products has steadily increased. 
A total of 9,100,000 bbl. of California oil was consumed 
monthly during 1917, of which about 8 per cent was 
used as fuel oil in the oil industry itself. Of the re- 
mainder over 80 per cent was burned under boilers. 
This should be contrasted with the oil situation in the 
Eastern portion of the United States, where approxi- 
mately 80 per cent of the production was sold as refined 
products and only 20 per cent used as fuel. 

Of the 7,000,000 bbl. of California fuel oil burned 
monthly during 1917, 4,000,000 bbl. were refining . 
residuum remaining after the crude oil had given off 
gasoline, and in some eases gas oil, kerosene and 
lubricants. 

In California nearly all the crude oil is asphaltic, 
sometimes containing more than 50 per cent of hydro- 
carbons belonging to the naphthene series, and also con- 
tains large proportions of the hydrocarbons usually 
found in coal tar, known as the aromatic of benzole 
series. 

The « olor of California crude petroleum ranges from 
a deep trewnish-black to water white, the usual color 
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being black or dark brown. This dark color is due to 
the asphalt, and changes to green of more or less bril- 
liancy on removal of this substance; a few of the oils 
containing little or no asphalt are green in their crude 
state, while even some of the lighter asphaltic oils show 
a green tinge. The fluorescence of the crude oils is 
uniformly green and not very pronounced; the bloom 
on refined oils follows the usual rule, i. e., is absent in 
the naphthas, blue in the kerosenes and lighter lubri- 
eating oils, changing to green in the heavier lubricants. 

The odor of the heavier crude oils is highly character- 
istic, but mild and rather sweet, very rarely sulphurous. 
The foul odor of the oils of Texas, Canada and Ohio is 
entirely absent. Many of the lighter oils are sweet, 
resembling Pennsylvania crude in this respect. 

The specific gravity ranges from 1.025 (3 deg. on 
Beaumé’s heavy scale) to 0.7490 (58 deg. Beaumé), but 
most of the production falls within the range between 
13 and 35 deg. Beaumé. The production of the entire 
state would average about 16.5 deg. Beaumé. 

It will be noted that the specific gravity is very low. 
This is partly due to the fact that a large part of the 
petroleum of the state is highly oxidized and quite 
viscous; but it is also a fact that the lighter oils are also 
of quite low gravity (by comparison), being from 10 
to 15 deg. Beaumé lower than would be indicated by 
the viscosity and boiling range. The very low gravity 
appears to indicate a radical difference of constitution 
from that of the paraffin oils. 

The viseosity of California petroleum ranges from 
that of a semi-solid substance to less than 1.00 (the vis- 
eosity of water). The average viscosities are: For oils 
of 14 deg. gravity, 1000; for oils of 16 deg. gravity, 400; 
for oils of 18 deg. gravity, 75; for oils of 20 deg. gravity, 
15. Different samples of the same gravity vary consid- 
erably in viscosity. 

High viscosity of the heavier California oils is a 
very important factor in handling them on a large scale. 
The oils lighter than 20 deg. are piped cold without dif- 
ficulty, flowing freely under a moderate head. Some 
oils of 18 deg. gravity, even, may be piped readily; but 
the handling of the heavier oils through lines of any 
length is a matter of some difficulty, and requires spe- 
cial precautions. 

The flashpoint of California crude oil ranges from 
400 deg. F. down to 60 deg. F. or lower. Most of the 
oil classed as fuel oil flashes above 150 deg. F., and 
practically all of it above 130 deg. F. It will be seen 
that none of the fuel oil of the state requires any prep- 
aration, in regard to flashpoint, to fit it for use. 

The calorific value of California crude ranges from 
10,000 to 11,000 calories (18,000 to 19,800 B.t.u.), and 
averages 10,500 calories (18,900 B.t.u.). As a rule, the 
higher the gravity of the oil the higher the calorific 
value, though this generality cannot be applied too 
closely. 

Advantages attending the use of oil for fuel are 
many. The first advantage is ease of transportation. 
This may not amount to much to those who have their 
fuel delivered at their doors; but in situations where 
fuel must be transported as used, notably on steamships, 
it is a very important matter. 

Where a supply of fuel must be stored, a second ad- 
vantage in the use of liquid fuel is shown. 
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The cleanliness incident to handling and using oil is 
too manifest to need argument. The coals obtainable 
on the Pacific Coast produce considerable quantities of 
dust, soot and ashes. With the proper care in the han- 
dling of oil all these disadvantages may be done away 
with, and the boiler-room kept as clean as a well-reg- 
ulated engine-room. In many lines of business this is a 
very important matter to the user of fuel, and where 
oil is in general use, as it is in the City of San Fran- 
cisco, the alteration in the appearance of the city, due 
to the removal of the smoke from coal fires, is very 
great. 

The labor of handling, and most of the labor of 
stoking, are done away with, though oil fires naturally 
require some attention. The greatest saving of labor, 
after that of firing, is in the cleaning of fires and flues. 
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FIG. 2: RELATIVE OUTPUT OF THE PRINCIPAL OIL FIELDS 


OF THE UNITED STATES FROM 1900 THROUGH 1917. 
NOTE THE DOMINANT POSITIONS HELD BY THE 
CALIFORNIA AND KANSAS-OKLAHOMA FIELDS. 
DATA FROM U. S. GEOLOGICAL SURVEY 


Oil fuel does away, of course, with clinkers, and there- 
fore with the very trying labor of slicing and cleaning 
fires, while, if properly regulated, the boiler flues may 
be kept much cleaner. The latter not only reduces the 
labor of keeping the flues clean, but also considerably 
reduces the waste of fuel through imperfect transference 
of heat through the tubes to the boiler water. The re- 
moval of the necessity of constantly opening and shut- 
ting fire-doors reduces strains on both brickwork and 
boilers, prolonging the life of both, though this advan- 
tage may readily be lost by carelessness in handling an 
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oil fire, due to the greater ease with which the latter 
may be forced. 

The ease of regulation is a great factor in the econ- 
omy realized in the use of oil fuel. The fire may be kept 
at a constant point for hours at a time, or may by the 
turn of a valve be made to respond to the most unusual 
demands for power. Where the call for steam is fluc- 
tuating, as on locomotives, where the demand for power 
may fall within a few seconds from the maximum capac- 
ity of the apparatus to absolute zero, this is of great 
importance. By the simplest contrivances and the most 
ordinary attention, the needle of the steam gage on a 
heavy freight locomotive may be kept almost stationary 
up hill and down, and through stops of any length. 
This ease of regulation is perhaps most appreciated 
where temperature is a factor, as in running an oil still 
or in heating metals. The temperature of an oil still 
may be regulated to a nicety and with the greatest ease, 

‘while everybody called on to heat iron or steel will 
appreciate the ease with which the right temperature 
for forging or other operations is reached and main- 
tained. 
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FIG. 3. CHART SHOWING THE APPROXIMATE DEGREE OF 
EXHAUSTION OF THE PRINCIPAL PETROLEUM FIELDS 
OF THE UNITED STATES. DATA FROM U. §S. 
GEOLOGICAL SURVEY 


The increase in steaming capacity of boilers is con- 
siderable. While there is some disagreement as to fig- 
ures, it would certainly be conservative to claim that, 
with a proper oil installation, a boiler may be made to 
deliver from 30 to 50 per cent more steam than could 
possibly be gotten from it with coal, without the use of 
forced draft. 

These points, however, while all important enough, 
are subordinate to the question of cost, in the mind of 
the average consumer. The great economy in the use 
of oil (at present prices) has been too thoroughly dem- 
onstrated to permit any question, yet it may be permis- 
sible to point out briefly the reasons for and the extent 
of this economy. 

Theoretically, the saving realized from the use of 
liquid fuel depends on three factors: First, the lower 
cost of the fuel per unit of heating value; second, the 
greater efficiency of the fuel; that is, the greater pro- 
portion of the ultimate heating value which may be 
actually developed around or under the object to be 
heated, or, in other words, the possibility of more perfect 
combustion; third, the avoidance of loss of heat in 
various ways. 

The first point is by far the most important, as it can 
be shown that theoretical heating values being equal, 
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oil costs only from one-half to three-quarters as much 
as coal. 

It has been pretty well proven in practice that, under 
average conditions, four barrels of California oi) wil] 
do the work of one ton of average coast coal. Four 
barrels of 15 deg. oil would weigh 1348 Ib., and the 
heating value of 18,360 B.t.u. per pound would be 24. 
739,280 B.tu. One ton (2240 lb.) of coal, at 12 600 
B.t.u. per pound would have the heating value of 28. 
224,000 B.t.u. Oil, with the heating value of 28 250 000 
units, a difference of 3,500,000 units, or slightly over 
12 per cent of the heating value of the coal. For the 
explanation of this saving of heat, which of course means 
simply that a larger proportion of the available heat in 
the fuel is put to actual use, it is necessary to look to 
the second factor of economy. 

Losses suffered in burning any kind of fuel under 
a boiler arise in part from the escape of unburned fuel 
in its original form through the grate bars, and in part 
from the escape of unburned combustible gases through 
the stack. In burning coal, particularly a coal which 
forms much ash or a heavy clinker, a portion of the 
fuel will always fall between the grate bars without 
being burned. Clinkers and cinders always contain 
more or less coal, and where the clinkers are very hard, 
considerable fuel may be sliced down in this way and 
removed unburned. Where coal is fine or dusty, a good 
deal will go through the bars with the ash. It has been 
found in some eases that ash from industrial establish- 
ments contained more than 10 per cent of combustible 
matter, which, if the ash was 10 per cent of the coal 
(a fair percentage on this coast), would equal 1 per cent 
of the coal. This is a small loss, but has its part in mak- 
ing up the total economy in burning liquid fuel. With 
oil, this source of loss is entirely obviated. The only 
approach to such loss is where carbon forms on walls or 
bridges from imperfect regulation of fhe burner. 

A much more important saving is realized through 
the perfect combustion of the gases in the firebox. It 
would be better to say, may be realized, as this is a mat- 
ter where the skill and attentiveness of the fireman, as 
well as the care taken in designing the firebox, are 
brought very much into evidence. There is hardly a 
doubt, however, that it is now possible to secure with. 
oil a much more complete combustion than may be had 
with bituminous coal under any ordinary conditions, 
and that the skill on the part of the fireman which, ap- 
plied to the burning of coal, would secure very mediocre 
results, will obtain very much better results in this 
respect when applied to the burning of oil. 

The third cause of the greater efficiency of liquid 
fuel lies in the possibility of reducing the loss of heat, 
by reducing the amount of air taken into the firebox. 
That this is possible is due to the fact that with an oil 
fire both the draft and the amount of fuel being burned 
may be kept nearly constant, while with solid fuel both 
the combustible and the air supply are continually 
changing. 


AccorpDINnG to tabulation by N. Y. World, 300,000 
workers in 20 states are now idle, involved in 65 strikes. 
Including members of families of strikers, 1,000,000 per- 
sons are affected, and loss of wages amounts to $1, 500,000 
daily. 
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Pulverized Coal As a Fuel For Boilers’ 


A GeneRAL Stupy or Its CHARACTERISTICS AND THE OPERATING ConpiTIONS Mer witH IN ITs COMMERCIAL 


Applications; ALSo A DiscussION OF THE NATURE OF FLAME. 


EFORE entering into details concerning pulverized 
coal, it is not out of place to emphasize that in the 
process of burning fuels certain very definite opera- 

tions take place which depend strictly on the physical 
and chemical properties of the fuels. The reactions 
occurring, the quantity, quality, density and the temper- 
ature of the gases that result during combustion, and 
their effects, as well as the practical rate of burning to 
secure perfect or nearly perfect combustion, have al] been 
defined and clearly enough so for practical application. 
Unfortunately, however, because of the cheapness of all 
fuels, these matters have not received the attention their 
importance deserves. We are more interested in the 
ealorific value of fuels per unit weight, regardless of 
whether they are solid, liquid or gaseous; that is, we 
consider a pound of fuel as the container of a given 
number of B.t.u. and on that basis are prone to use one 
form of fuel or another in any service and to expect 
equal results. 

Our conception of the thermal form of energy is still 
that of an imponderable fluid instead of a condition of 
matter. The common conception is that radiation dues 
more heating than convection and conduction, whereas 
in reality the opposite is the case. We speak freely 
of heat transfer from one body to another instead of 
its propagation, and almost without regard to the rel- 
ative value of specific temperatures, conduction, con- 
vection and radiation. We overlook the fact that the 
available heating capacity of a fuel is the surplus ieft 
from that developed in its conversion to the ultimate 
gaseous oxides, and that we can use only a portion 
thereof, depending not on the temperature that develops 
during combustion, but on the nature of the work to 
be done and the temperature at which that work can 
best be done. The energy consumed by combustible ma- 
terials in the transition from the gaseous, the liquid and 
solid forms into the ultimate gases is different for the 
same quantity of combustible constituents. Each case 
involves a different time element, which is comparatively 
short with gases, longer with liquids and longest with 
solids. The presence of elements other than carbon and 
hydrogen, and their more or less complex formation, 
increase the endo-thermal losses, and affect directly the 


temperatures that develop. In consequence, not only is | 


the heating value of each kind and form of fuel different 
from that expected from preliminary analysis, but the 
effects of the resulting properties are different. In burn- 
ing lump coal, on account of the slow rate of combustion, 
sufficient time is allowed to compensate for its variable 
structure and impurities. Liquid and gaseous fuels, on 
account of their uniform structure, give constant defla- 
gration regardless of the rate of burning, and the effects 
of the actions that take place in burning are of less 
consequence. 

With pulverized coal, on account of its rapid com- 
bustion, the effects due to the structure and amount and 
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nature of the impurities are conspicuously manifested by 
the varying high temperatures and the unsteadiness of 
deflagration. The necessity of carefully considering the 
actions that take place in the combustion of powdered 
coal to provide adequately for their efficient utilization 
is thus made apparent. When dealing with the combus- 
tion of fuels and with heating we are confronted with 
problems concerning the molecular structure of materials 
in all their possible forms, and as such we should treat 
the matter on a different basis than mere B.t.u. con- 
siderations. 


ADVANTAGES AND DISADVANTAGES OF PULVERIZED COAL 
AS FuEL 


THE MERITS of pulverized coal as a fuel, briefly stated, 
are as follows: 
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FIG. 1. RELATIVE COST OF FUELS 

a If ground sufficiently fine the entire combustible von- 
tent of the coal can be burned, thereby effecting 
fuel economies hitherto not attainable 2ven with the 
better grades of coals burned under favorabie 
conditions. 

b It permits the use of all grades of coal, including peat 
and lignite, with an approximately equal degree 
of thermal efficiency for the same service, and in- 
creases very matérially the energy that can be de- 
rived from the world’s supply of coal. 

c It possess very largely the facility of control and 
combustibility of oil and gas fuels, thereby plac- 
ing coal on a parity with these fuels. 

The limitations of pulverized coal are: 

a The very high temperatures attending its efficient 
combustion (see Table) and the unsteady mode of 
its deflagration, necessitating special furnace con- 
struction to secure reliable service and to realize 
the possible economies it affords, preclude its ready 
application to existing equipment. 

b .The operating cost and attention required to main- 
tain the necessary apparatus for its use may more 
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than offset the fuel economies that can be effected 
in small independent services. 

c The presence of ash, which may not always be col- 
lected and held under control. 

d The human element, which will not submit to the 
peculiarities of its nature. 


APPROXIMATE COMBUSTION TEMPERATURES OF CARBON AND 
BITUMINOUS COAL AND THE RESULTING PERCENTAGES 
OF CO, 








Percentage of excess air.... 0 % 50 Td 100 125 


Combustion temperature, 


deg. Fahr.: 
Carbon 3450 §=©3000 


Average bituminous coal. .4860 4000 3325 
COz2 per cent 16.5 13.8 


2625 2350 
2860 2500 
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For flexibility and nicety of operation gaseous fuels 
rank first, being followed respectively by liquid fuels 
(oils), powdered coal and solid (lump) fuels. On the 
basis of cost they assume exactly the reverse order. 
Economy depends on the nature of the service and locai 
conditions. 


PREPARATION OF PULVERIZED COAL 


THE VALUABLE FEATURE Of pulverized coal is that by 
reason of its divided state it can be brought en masse 
into intimate contact with the air necessary for its com- 
bustion, and in consequence, when injected into a suit- 
ably heated hearth it burns completely, deflagrating 
almost as readily as atomized oil. 

Obviously the first requisite is to render the fuel 
into as fine particles as is possible, so that when mixed 
with air the mixture shall assume the form of a homo- 
geneous gas. This analogy is comparative only, for no 
matter how finely broken and thoroughly mixed with 
air the coal particles are, they retain their solid struc- 
ture and are therefore subject to a very arduous pro- 
cess of combustion, which is responsible for the attendant 
high temperatures that result. 

The standard established in cement-mill practice, 
generally adopted for all purposes, is that 85 per cent 
of the powder shall pass through a 200-mesh sereen, and 
95 per cent through a 100-mesh screen. Coal so ground 
weighs from 35 to 45 lb. per cu. ft. and 1 lb. of it can be 
carried in suspension through smooth piping in about 
5 lb. of air moving at low velocities. Experience shows 
that under favorable conditions 100 per cent 60-mesh 
powder can be burned satisfactorily. This coarse fuel 
necessarily requires a longer time for its complete com- 
bustion and it can only be carried in suspension at high 
velocities. Its use, therefore, would be permissible only 
in furnaces which provide a long path for the resulting 
flame. In short chambers operating at low velocities 
these large particles fall to the bottom of the chamber 
before being consumed and coke, the result being a loss 
of fuel. 

Granulated coal ranging in size from % in. to powder 
has been used as fuel for boilers aboard ship, being blown 
into specially constructed hearths. This method has 
given good results in forcing the generation of steam, 
but it is not strictly in the class of burning pulverized 
coal in suspension and does not possess the same range 
of possibilities. 

Coarsely pulverized coal has the redeeming quality 
of damping the temperature of the furnace and may 
be resorted to for the purpose of cooling overheated 
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hearths without chilling; nevertheless, pulverized eal 
larger than the 80-mesh grade should be avoided in or- 
dinary operation for best results. A uniform mixture 
averaging 100 per cent 150-mesh or finer should be em. 
ployed, especially in the case of low-grade coals, 

Pulverizing mills ordinarily produce powder of the 
cement-mill standard, and on the basis of fairly dry coal 
the average cost of pulverizing runs from 15 to 30 cents 
per ton ground at the rate of 2% to % tons per hour, 
respectively. 


QuALITIES DESIRABLE IN Coats TO BE UseEp 1n Pu yer. 
1ZED ForM 


IN BURNING pulverized coal there is no restriction on 
the variations in quality found in commercial gvrades. 
Low-grade coals perform better than high-grade on ac. 
count of the large proportion of impurities they con- 
tain, resulting in less destructive temperatures and 
thereby in lower combustion losses. Generally it is nee- 
essary to dilute with air the gases resulting from the 
combustion before they are used, but less dilution is 
required with low-grade coals and in consequence more 
economical operation is obtained through their use. 

A large proportion of volatile matter has heretofore 
been regarded as a leading requirement for pulverized 
fuel on account of its combustibility, but experience does 
not support this; on the contrary, there are those who 
consider it expedient and beneficial to drive off a portion 
of the gaseous content of a coal before burning it. 

The temperatures of combustion hearths for pulver- 
ized coal range from 2200 to 3000 deg. F. depending on 
the design of furnace, the service, and the fusibility of 
ash and refractories employed. With these temperatures 
predominating, the deflagration of all commercial coals 
is assured, and the restriction on any particular kind 
of coal for powdered fuel on account of combustibility 
is eliminated. : 

The suitability of coal for use as powdered fuel is to 
be gaged by its pulverizing qualities, and the soft grades, 
which incidentally contain a large proportion of volatiles, 
are to be preferred. Hard coals and coke are very severe 
on the mills. For pulverizing, slack coal and all small 
sizes under 34 in. are desirable in that they eliminate 
the necessity of crushing. Screenings, which usually are 
fragments of the more combustible portions of coal, 
are excellent for pulverizing on account of the lesser 
amount of impurities present. 

Uniformity in the quality of pulverized coal is as es- 
sential as uniformity in the fineness of the powder, and 
for continuous reliable service as essential as its calorific 
value. In preparing the powder it is extremely impor- 
tant to mix and blend the coal so as uniformly to dis- 
tribute its impurities. The ill effects of the irregular 
presence of impurities are felt more as the quantity of 
fuel burned becomes smaller. When burned in large 
quantities—necessitating larger combustion space—there 
is a chance for equalizing the variations of the impuri- 
ties. To obtain a uniform quality of fuel wherever the 
coal supply is of varying kinds, the various grades of 
coal may be blended to advantage by pulverizing, thereby . 
effecting economies which might not otherwise be 
realized. 

Errect oF Moisture 1n Coan 


MoisTuRE in coal is objectionable not so.much on 
account of apparent thermal losses but because it renders 
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pulverization difficult and more costly. For this opera- 
tio 5 per cent moisture may be regarded as the per- 
missible limit, and air-dried coal is entirely satisfactory 
for the efficient operation of the mills. However, in 
eases where the storage of pulverized fuel is necessary, 
eoal should not contain more than 1.5 per cent moisture, 
as a greater amount tends to cake the powder, and in 
the event of iron pyrites being present, their oxidation 
by water may be the origin of spontaneous combustion. 
It has also been considered necessary to dry the coal 
before grinding and experience has shown that this 
practice brings about losses of volatile combustible and 
adds 8 to 12 cents per ton to the cost of preparation. 
Furthermore, with reasonably protected storage and han- 
dling facilities it is possible to render the raw coal 
sufficiently dry, thus doing away with the separate dry- 
ing operation. The present tendency in drying coal is 
to confine this process to central distribution plants, 
such as will be required for railroad or large service. 
For stationary work, self-contained pulverizing units in 
which grinding, air mixing, and feeding of the combusti- 
ble mixture directly to the furnaces are progressively ac- 
complished are more desirable, especially so since pre- 
heated air— a by-product of the furnace—can be used 
in their operation, thereby conditioning the mixture for 
better combustion performance. 

In the combustion of pulverized coal a certain amount 
of moisture is beneficial rather than detrimental in that 
it tends to maintain the temperature of combustion con- 
stant and thereby renders deflagration more steady. The 
explanation of this effect is that the normal temperature 
of dissociation of the solid particles of coal is greater 
than that of water, and in the process of combustion 
some of the moisture that may be introduced with the 
charge breaks up, absorbing thermal energy and thereby 
lowering the combustion temperature. 


ASH—SULPHUR+—-SPONTANEOUS ‘COMBUSTION 


WITH PULVERIZED coal the ash from particles con- 
sumed in suspension is a light powder. This powder 
is carried along with the gases and deposited on all sur- 
faces beyond the hearth, making removal more or less 
difficult. In the ease of boilers, this kind of ash aceumu- 
lates on the tubes, lessening the evaporating efficiency 
and necessitating periodical removal by steam or air 
sprays. The dissemination of this ash can be somewhat 
reduced by proportioning the combustion space so that 
after combustion is completed the gases expand rapidly, 
decreasing their velocity and density and depositing the 
ash particles in a suitably located pit. If the powder 
is too coarse, or the amount of fuel injected into the 
hearth is greater than can be fully consumed therein, 
the coal particles while in the distillation stage are im- 
pelled against the walls and there coke. The continuous 
supply of these unconsumed particles builds up and 
burns slowly, leaving ash of a pumice-stone formation, 
which, if in the proximity of the zone of deflagration, 
slags and becomes very difficult of removal. The remedy 
for this is the continuous production of uniform finely 
powdered fuel and the proper design of the combustion 
space to consume completely all the particles of the fuel 
charge. 

On the whole; compared with lump-coal burning on 
grates, experience shows that with reasonable precau- 
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tion ash from pulverized coal is less troublesome in 


‘ every way. Slagging of the ash and brickwork occurs. 


only when these are too near the deflagration zone, which 
naturally is several hundred degrees higher in the tem- 
perature than their fusion points." This difficulty is 
eliminated by designing the combustion hearth so that 
the side walls and top arch attain a temperature lower 
than the slagging point and the bottom is no higher 
than about 2000 deg. F., which avoids melting of the low- 
fusible ash. 

The presence of sulphur is to be looked upon with 
less concern in the case of pulverized coal, since, as 
mentioned before, the high temperatures attending the 
combustion of this fuel dissociate water into its elements 
and hold these in a condition less liable to combine 
with sulphur. Pulverized coal containing over 5 per cent 
sulphur has been used in boiler settings without giving 
evidence of corrosion. 
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In regard to safety, it may be said that while mine 
explosions attributed to coal dust indicate its ecombusti- 
bility and the testing station of the U. S. Bureau of 
Mines in Pittsburgh has painstakingly shown that coal 
dust in suspension can be made to explode, pulverized 
coal, nevertheless, is an excellent fire extinguisher. To 
ignite it in any form, coal must be brought to the tem- 
perature of its ignition, 1000 deg. F. and above. This is 
greatly in favor of pulverized coal since it permits its 
being conditioned for better combustion performance by 
heated air before using. 

The value of heated air for mixing and dilution pur- 
poses cannot be overestimated. It prepares the fuel for 
quicker deflagration, thereby permitting a larger quan- 
tity of fuel being burned in a given space, it maintains 
the powder in better state of separation, and in general 
promotes steadier combustion. Furthermore, in con- 
junction with a suitably designed furnace it is possible 
to attain a better heat balance by utilizing waste gases 
and radiation for heating the combustion air required 
for the treatment of the powder. 

For mixing purposes the air temperature should not 
exceed that of the coking point of the particular coal 
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used, and for dilution the higher the temperature of the 
air the better. 

At the present time, air pressures from 0.5 oz. for 
small furnaces to 10 oz. and above for cement kilns are 
being used with success, while pressures of 3 oz. and 
under for boilers have given good results. Pulverized 
coal should be burned in suspension and with excess air 


on account of the high temperatures that develop in . 


its combustion. (See table.) The pressure and distribu- 
tion of the air necessary to secure this condition vary 
with each case and demand careful consideration to 
obtain best results. 

In general, the finer the powder and the warmer the 
air the lower will be the pressure necessary to inject 
the combustible mixture into the furnace, and the better 
will the powder be held in suspension; also, other things 
being equal, the larger the amount of fuel that can be 
burned in a given space. This implies lower furnace 
losses. 


Proper VeLociry FoR Fur, Mixture 


THE PROPER velocity for the fuel mixture as deter- 
mined by its inflammability ean only be found by trial, 
and the condition to be fulfilled is that the base of 
the flame shall approach the outlet as closely as possible. 
A lower velocity may result in backfiring within the feed 
tubes, which are of appreciable dimensions, and cause 
a more or less destructive explosion. A higher velocity 


carries the mixture too far into the hearth before com- 
bustion begins, and has the effect of coking and con- 
solidating the particles, which drop to the bottom of the 


hearth in the form of relatively large globules, thereby 
causing faulty combustion and loss of fuel. Coking of 
the combustible charge is very perceptible in connection 
with discharge outlets of large diameter such as are used 
in cement kilns. The action in this case has been attrib- 
uted to more rapid combustion on the surface of the 
combustible jet, which has the effect of baking the core 
within. This difficulty has been overcome by using out- 
lets in the form of a slot of the required cross-section, 
thereby exposing more surface to the hot gases in the 
hearth. 


VOLUME OF FLAME OR ZONE OF OXIDATION 


THE VOLUME of the flame, that is, the zone of oxida- 
tion, in general, cannot be predetermined on account of 
the many uncontrollable variables, and especially because 
the virtual temperature of combustion cannot be ascer- 
tained by present means and the real time element of 
complete oxidation is not definitely known. Observa- 
tion and analysis show that, under similar conditions, 
more inflammable fuels burn with a shorter flame than 
the less inflammable. In connection with pulverized 
coal the problem becomes more complex on account of the 
variable amount of excess air required for its combus- 
tion. The values for this excess hitherto suggested vary 
widely and are so conflicting as to preclude their use. 
Nevertheless, based on the average temperature of com- 
bustion and the amount and temperature of the gases 
required, it is possible to arrive at a very satisfactory 
conclusion regarding the dimensions for the combus- 
tion and gas space. 

Briefly, though in the combustion of pulverized coal 
there is a wide margin for regulation by judiciously 
applying the conditions herein indicated, nevertheless, 
the nature of the coal to the performance of the boiler— 
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and to disregard all precedent existing in the burning of 


‘lump coal in order to secure satisfactory results with 


the powdered fuel. 


Possibility of Furnace Improvements 


APPLYING TO EquipMENT Havina BEEN IN 
SERVICE FoR SEVERAL YEARS. By T. A. Marsu 


O MUCH has been learned on the subject of furnace 
design that it behooves us to consider carefully the 
possibilities of improvements of all furnaces not 

designed and installed within the past five years. This 
is true in general without regard to the type of stoker 
or boiler. Furnace designers who do the same today as 
they did five years ago, admittedly have not progressed 
during this period of great development in the knowl. 
edge of furnace design. 

In the chain grate field this fact is particularly true. 
Thousands of chain grates have been installed for from 
ten to twenty years and are giving good service yet. In 
fact, in many instances results superior to those obtained 
when the installation was new are secured, due to the 
addition of features making increased efficiency possi- 
ble. Everyone with a boiler and stoker installation 
five years or older should take up with the boiler and 
stoker manufacturer, the question of modernizing the 
installation. 

It may be that the installation will permit no changes, 
due to structural limitations of head room or perhaps 
the cost of changes would be entirely disproportionate 
to the improvements obtainable, but the desirability of 
taking up these questions with the manufacturers still 
exists. 

Stoker manufacturers frequently have mechanical im- 
provements which can be applied to the stokers, as for 
instance with chain grates, skids can be applied to carry 
the upper lead of chain instead of rolls with a marked 
reduction in siftings, strengthening of the stoker frame 
and improvement in the operation of the stoker. Damp- 
ers can be installed in the stoker to eliminate unauthor- 
ized air entering the furnace. Arches have undergone 
vast changes as to design, location and length, all tend- 
encies being to increase capacity and efficiency and to 
broaden the range of coals available for the plant. 

Furnaces have been enlarged; styles of baffling have 
been modified; superheater locations have been changed 
and in fact many items may be considered in a new light 
from that existing at the time the installation was made. 

Seores of chain grate installations have been thus 
modified to- develop higher ratings and efficiencies than 
were possible when the plant was new. These benefits 
are so easily obtained and with so little expenditure of 
money that it is the part of good engineering and good 
business to check up periodically and see what improve- 
ments the manufacturer has, applicable to your plant. 

Reconstruction work of this nature is most gratify- 
ing to the plant owner and to the manufacturer, as the 
former profits by reduced coal bills and improved capac- 
ity, while the latter profits due to the improved perform- 
ance of his equipment. 

Many companies maintain a service department t0 
assist customers to work out these problems. Whether 
or not, however, the company furnishes this talent, the 
question of periodic inspection should be taken up and 
all new features should be given thorough consideration. 
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ILLINOISAN BY BirTH, ENGINEER BY PROFESSION, AND Humorist By INCLINATION. 
EDUCATIONAL AND Civic AFFAIRS AND A FRIEND TO YOUNG ENGINEERS. 


ICTURE a man in the prime of life, quietly ener- 
getic, calm and composed; typically American in 
every line of a well-knit, muscular figure; direct 

and positive in his business dealings, yet doing every- 

thing in a way that lends 

just a hint of infinite reserve 

foree, and you have a pretty 

fair idea of William L. Abbott, 

Illincisan by birth, engineer by 

profession, and humorist by in- 

elination. 

He is a rare individual in- 
deed—a man who never laughs 
at his own jokes, an accomplish- 
ment, you will admit, that is 
rarely found in the average 
American. Lord Bolingbroke 
said: ‘‘In this Farce of Life, 
wise men pass some of their time 
in mirth, whilst fools only are 
serious.’ Mr. Abbott practices 
this creed, but he puns as he dis- 
poses of his business: quietly, 
sparingly, and without ostenta- 
tion. 

Mr. Abbott, like most men 
who have found success in the 
big cities, was born on a farm. 
He was the fifth of six sons, con- 
sequently he got an opportunity 
to attend the district school near 
Morrison, Illinois, following this 
up with a prep school course. 
He entered the University of 
Illinois in 1880, at the age 
of 19. 

It has been truly said that every man at some time 
or other visions his future; he outlines a niche for him- 
self in the scheme of things—and then proceeds to fill it. 
The process may be a long one and the fulfillment of 
the task not easy of attainment; but the amount of 
determination put into the job, backed by natural ability 
and inclination, usually defines the limits to which that 
man will go. When Edison said, ‘‘Genius is one per 
cent inspiration and ninety-nine per cent perspiration,’’ 
he spoke from experience; but the one per cent must be 
the seed to harvest the ninety-nine. 

So it was with W. L. Abbott. He knew that electric 
lighting, as a commercial proposition, was in its infancy ; 
he was discerning enough to think that it had a future, 
and he was determined to be ready and on the ground 
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ACTIVE IN 
By Ernest S. Burt. 


when that future started to develop. That was his one 
per cent. He worked on the other ninety-nine from the 
day he entered college. 

He graduated in 1884 with a mechanical engineer’s 
degree and promptly migrated 
to Chicago. He has been there 
ever since. Incidentally, he has 
proved the correctness of his 
hunch, for he is still on the same 
line of business that he visioned 
nearly forty years ago. 

Abbott landed in Chicago 
with nothing but his university 
degree and the good will of his 
family. Consequently he had to 
go to work. After serving a sort 
of apprenticeship in the engi- 
neering profession with various 
employers in the trade, young 
Abbott, then only 23 years of 
age, organized, with F. A. Wun- 
der, the Wunder and Abbott Il- 
luminating Co., whose province 
was to supply are-lighting serv- 
ice in the central business dis- 
trict of Chicago. He looked after 
the operating or production end 
of the business and his partner 
sold the product. The combina- 
tion was a success, and it soon 
absorbed several smaller com- 
panies engaged in the same busi- 
ness. <A year or two later, when 
the Chicago Are Light and 
Power Co., one of the predeces- 
sors of the present Common- 

wealth Edison Co., was organized, Mr. Abbott disposed 
of the interests of the partnership to the new corpora- 
tion, sort of making his prophecy about the future possi- 
bilities of electrical development come true. 

Then, with one success to his credit, Mr. Abbott, with 
others, organized the National Electric Construction Co. 
to do general electric and construction work. His asso- 
ciates thought so well of him that they elected him presi- 
dent and general manager of the new concern. For six 
years he conducted the affairs of this company success- 
fully, until, in 1894, the organization wes purchased 
lock, stock and barrel by the Chicago Edison Co. But 
so familiar with and indispensable to the business had 
he made himself that the purchasers asked him to man- 
age the construction company for another year. He 
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also became assignee of the Western Light and Power 
Co., another sudsidiary organization of the Chicago Edi- 
son Co. 

When the construction company became completely 
absorbed by the Chicago Edison Co. in 1895, Mr. Abbott 
was appointed chief engineer of the new Harrison Street 
Station of the latter organization. Harrison Street Sta- 
tion at that time was perhaps the most modern and 
efficient central station in the United States, if not in 
the world, and the new chief engineer had much to do 
with the admirable record made in its early years. 

As every good thing must come to an end some time, 
however, so Harrison Street lost some of its glory with 
the advent of the steam turbine in Chicago. No new 
generating machinery was installed in it after 1903, and 
by 1910 it had come to be used simply as a reserve plant 
at the time of the heavy winter load. In 1916 the station 
was sold to make way for railway terminal improve- 
ments and demolished. But that’s another story. 

Mr. Abbott continued as chief engineer of Harrison 
Street only just as long as it held its place as the premier 
power plant in the world. So just before it commenced 
to deteriorate, the company officials asked him to take 
another step up the ladder. He did, and was made chief 
operating engineer of the Chicago Edison Co. When 
this organization was succeeded by the Commonwealth 
Edison Co. in 1907 Mr. Abbott was elected to fill a cor- 
responding position. : He did—and still is. This task is 
a responsible one: It means the supervision of all gen- 
erating stations, substations, load dispatching, all out- 
door work, both overhead and underground, repair work, 
renewal of lamps and work done by the metermen. It 
is a man-sized job. 

William L. Abbott is not possessed of a single-track 
mind; neither is he a jack-of-all-trades. He is first a 
mechanical ard electrical engineer and second a busi- 
ness administrator and educationist. He is also a friend 
of young men. 

It has been said that a man who has achieved the 
goal of success does not cease to be himself; he enlarges 
himself so as to include the men under him and his pro- 
fession in general. As he has journeyed to the fountain- 
head and benefited, so he wants others to do likewise. 

We have said that Mr. Abbott is a friend of young 
men. He is; and of his own men he is more than a 
friend—he is their guide and mentor. At all times he 
has the open approval of the men under him. Their 
loyalty to him is unforced, for one reason because his 
office door is ever open to the man with a logical errand. 
Knowledge that he has gained by years of experience in 
the industry is always available to his subordinates. He 
practices the doctrine that knowledge is the exclusive 
property of no man, for he imparts what he has learned 
without reservation. 

In 1904 he was brought forward by the Alumni of 
the University of Illinois as a candidate for the office 
of trustee of the University. He was elected, and has 
been re-elected twice since—in 1910 and in 1916. For 
12 yr. of this period, Mr. Abbott served as president of 
the Board of Trustees of the University. Recently he 
retired as president of the board, but he still remains 
a member. His Alma Mater granted him a master’s 
degree in mechanical engineering 15 yr. ago. During 
his connection with the university, he has helped many 
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young men up the ladder of success; for his advice and 
assistance always have been active and materia] rather 
than passive. 

Mr. Abbott’s wide and varied experience in central 
station practice has made him a recognized authority 
on that branch of industry. He has written many papers 
and delivered numberless lectures embracing practically 
every phase of it, his audiences ranging from student 
classes at the University to members of dignified en. 
gineering societies. He is a past president of the West. 
ern Society of Engineers, a member and quondaim man- 
ager of the American Society of Mechanical Engineers, 
and a fellow of the American Institute of Electrical 
Engineers. 

Most successful men know how to use their playtime 
as they do their hours of labor; W. L. Abbott is no ex. 
ception, for, in addition to his educational work, he has 
devoted a good deal of his time to civie affairs. During 
the war he served on innumerable committees having 
to do with recruiting and other wartime necessities, and 
at present he is chairman of the Executive Committee 
of the Bureau of Returned Soldiers and Sailors in Chi- 
cago. Then, within the Commonwealth Edison Co., he 
is a member of practically every committee that deals 
with relations between the company and its customers 
and employes. Particularly in his connection as a mem- 
ber of the KEmployes’ Committee does he make his pres- 
ence felt. He visions the employes’ viewpoint on pretty 
nearly every question presented, for he has that human 
sympathy acquired only by an actual session ‘‘through 
the mill.’’ Besides, he is a man of family—three girls 
and two boys. 

If genius is the capacity for taking infinite pains, 
the product of natural ability developed by education 
and the hardest kind of hard work, then Mr. Abbott is _ 
a genius. His road to success has not been paved with 
asphalt; rather it has been synonymous with most roads 
traveled by the country boy—rough and roeky. 

If there are men who are as an oasis to a traveler 
in the desert—then such is William Lamont Abbott. 


Piiodic taabine Overspeed- Trip Tests 


THe IMPORTANCE OF KEEPING THE OVERSPEED TRIP 
IN WoRKING CONDITION. By FRANK GILLOOLY 


HE NOT infrequent cases of turbine accidents due 

to a failure of the overspeed trip to function and 

close the valve of the unit are grim testimony to 
the fact that this essential protective device can become 
inoperative. Striking wheels have caused numerous 
serious turbine accidents, but there are also enough 
cases on record of instances where not only the turbines 
themselves but the generators driven by them as well 
have been torn apart by the centrifugal force accom- 
panying an excessive rotative speed, to make the periodic 
testing of the overspeed tripping device an imperative 
duty. 

The alternator operating alone and not in parallel 
with any other electrical units may be subjected to a 
dangerous rise in speed upon the clearing of a violent 
short circuit on the electrical system fed by it, or upon 
the sudden ‘dropping off of all or the bulk of the load 
on it. All of the load on the alternator can be suddenly 
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thrown off either by the opening of the main switch, a 
possibility always existent where this switch has auto- 
matic relay connections, or by the loss of the field ex- 
citation. The electrical design of the alternator usually 
will govern its action in the event of the loss of its 
field excitation; though one unit under my observation 
on two occasions out of five when its field excitation was 
interrupted, speeded up and shut itself down by the 
turbine overspeed trip, and on the other three occasions 
tended to become an induction generator and carry the 
load at a considerably reduced speed. 

The alternator operating in parallel with other 
alternators, particularly on a system of large generating 
capacity, is not so liable to overspeed as the alternator 
operating alone, because it can not change its speed 
from that of the alternators with which it is in parallel 
unless it drops out of step with them; but this it may 
do during severe short circuit on the system, or in the 
event of its fixed excitation being considerably weakened, 
both of which cases have often happened. 

The large central-station companies as the result of 
their experience appreciate the necessity of maintaining 
the turbine emergency trip in continued working con- 
dition. The practice with most of them is to test the 
tripping device at least weekly; and where the device 
fails to function properly, corrective adjustments are 
at once made to bring its action to the desired figure. 
Sometimes the test is made immediately after taking the 
unit off the line; other stations may prefer to make it 
immediately before putting the unit on the line, in which 
ease the unit is brought up an hour or so earlier than 
needed to allow of ample time for any necessary adjust- 
ments. Records of all the tests are kept by both the 
engineers. and the switchboard operators; and all the 
details of the failure of any device to operate, or the 
changes necessary to make its operation as desired, are 
recorded. The records thus present a complete history 
of each device, and prevent the continued operation of 
any turbine unit without the protection of a properly- 
working overspeed tripping device. 


Puffs From the Exhaust 


By CuHaries H. STEPHEN 


HILE world agitation is growing intense, 
And the econduet of labor seems flip, 
Let the governor belt of sound common sense 
Be run with the minimum slip. 
Conservative thinking is something we’ll need 
To carry the load with a regular speed. 


The peak load is on, the amperage up, 
And this is no season to fool; 

Let the clear oil of reason flow free from each cup, 
To keep all the brain-bearings cool. 

Old Industry’s engine has all she can tote, 

And the strain she is under is easy to note. 


This cross-compound unit that backs up the volts 
Must function on both sides alike; 

Then high pressure finance will know fewer jolts, 
And low pressure labor less strikes. 

There’s only one shaft on this unit of power— 

To keep this shaft rolling’s the task of the hour. 
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The problem means action, it’s no dopy dream; 
It’s the action of peace, not of strife! 

Man’s brain is the fuel, his will power the steam— 
The outcome: the essence of life. 

Increasing the friction but adds to the strains, 

While everyone loses and nobody gains. 


‘I’ve managed to plug on the low-pressure side 


For nearly two score years and ten, 
And learned from plain practice, in travels full wide, 
The trouble with laboring men , 
And the unrest that’s putting the world on the blink 
Is born from the brain that’s too lazy to think. 


‘‘In Union there’s strength’’ may be all very true, 
But the balance of strength stands for might; 
While treating the boss as you’d have him treat you 

Is the conquering spirit of right. 
The war of existence, the battle for bread, 
Is a game for the heart as well as the head. 


Dame Nature endowed us with more or less brain— 
Mostly more than the most of us use; 
And yet not enough to induce mental strain 
To the fellow who thinks he’s abused. 
Clean thoughts are a tonic that most of us need, 
If we’d keep life’s great dynamo up to her speed. 


This world-wrecking problem, this cause of unrest, 
Is not a one-sided affair; 

Both master and man must put forth their best, 
Each his part in the solving must share. 

Earth’s conflicts will vanish when both try to see 

How well each can work, and who best can agree. 


We claim to be men—like men let us act, 
Each doing the best that he can; 
A little sound thinking will bring out the fact 
That your boss also thinks he’s a man. 
Common-sense, human kindness and love of fair play 
May teach us the boss is our best friend today. 


C. T. Coz Co., Chamberburg, Pa., engineer and com- 
bustion expert, owing to the greatly increased demand 
for the Coe grate and Coe turbine blower, has again 
found it necessary to extend its manufacturing facilities. 
The company has, therefore, purchased the plant, patents 
and equipment of the Hafer Foundry & Machine Co., 
Chambersburg, Pa., which since 1906 has been engaged 
in the manufacture of the Hafer double-shift rocking 
grate and Little Giant soot blower for boiler tubes. The 
plant has a foundry with a 12-ton daily capacity, brass 
foundry, machine shop, pattern shop, blacksmith shop, all 
of which has been added to the equipment of the Coe 
company, resulting in a more complete organization, bet- 
ter able than ever to supply the needs of the trade. The 
combined patterns of the two plants include all standard 
grates, arch plates, etc., so that the company is now pre- 
pared to manufacture a most complete line of boiler room 
equipment. The Coe organization specializes in every- 
thing that pertains to combustion, and its competent staff 
of engineers is ready to solve problems relating to this 
important subject. 
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N all dynamo electric machinery, various losses exist 
which, as may be expected, have a direct bearing 
upon the efficiency of the machine, and while some 

of these losses are dependent in magnitude upon factors 
of design and construction, others not possible of entire 
elimination may, to a great extent, be materially reduced 
by proper operation. There are three distinct kinds of 
losses—the iron or magnetic losses, the copper losses and 
the purely mechanical losses such as are found in any 
kind of mechanism. 

The iron losses are capable of further subdivision as 

eddy current losses and hysteresis losses. When a mass 








FIG. 42. SHOWING ISOLATION OF EDDY CURRENTS WITHIN 


INDIVIDUAL LAMINATIONS 


of iron such as the core of an armature is rotated so as 
to cut rapidly, or be cut by magnetic lines of force, an 
electromotive force is induced which sets up, or tends 
to set up, local currents generally referred to as eddy 
currents. The existence of these always involves a loss 
which in the aggregate may be considerable and as a 


consequence modern machines are fitted with laminated . 


armatures, and in some instances laminated pole pieces, 
by means of which the losses from this source may be 
reduced to a minimum. As already explained in the 
preceding article, in direct-current machines of moderate 
size, the armature core is subject to from 15 to 60 or 
more cycles per second, and the laminations which are 
insulated one from another by means of insulating var- 
nish or rust, are usually made from 0.020 to 0.035 in. 
in thickness. 

Flow of eddy currents in the case of an armature is 
in a direction parallel to the axis of the shaft so that 
by the use of a laminated structure the currents are con- 
fined to the individual laminations, thus reducing them 
to a minimum. It is obvious therefore, that the thinner 
the laminations, the less the eddy current losses. 
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A formula suitable for the determination of eddy 

current loss in any given machine is the following: 
Pe = 0.254 jv (X X f X B)? 

Where Pe is the eddy current loss in watts; j is a 
coefficient the value of which depends upon the kind 
and quality of metal; v is the volume in cubic inches 
of the structure in which the eddy currents occur; X is 
the thickness of the sheets in inches; f is the frequency 
in cycles per second, and B is the flux density in thou- 
sands of lines per square inch. 

For ordinary sheet steel j] has an average value of 
0.00,022 while for silicon sheet steel its value varies from 
0.000,043 to 0.000,098 with an average of 0.000,065. 


Hysteresis LossEs 




















AS THE CORE of an armature revolves between the 
pole pieces, it is alternately magnetized in one direc- 
tion, demagnetized, magnetized in the opposite direction 
and then again demagnetized. Due, however, to a 
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FIG. 43. TYPICAL HYSTERESIS CURVE 





peculiar property of iron, the magnetization lags behind 
the magnetizing force and as a consequence the magneti- 
zation for equal magnetizing forces will not be the same. 
This property or action is termed hysteresis, meaning 
‘‘to lag behind,’’ and results in a loss of energy dis- 
sipated in the form of heat. 

Figure 43 shows a typical hysteresis curve of a piece 
of wrought iron, or the resulting magnetization when 
the magnetizing force is varied. As indicated at point 
A, the particular piece of wrought iron evidently pos- 
sessed a given amount of residual magnetism, approxi- 
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mately 4500 lines; however, as the number of ampere 
turns per unit length is increased, the magnetic flux 
per unit sectional area increases as represented by the 
portion AB of the curve; but with a decrease in magnet- 
omotive force or number of ampere turns per unit length, 
the decrease in magnetism will not be according to AB, 
but rather along curve BC, thus showing that even 
though the value of the magnetomotive force has dropped 
to zero, and is already approaching—2 ampere-turns, 
that is, although the magnetizing force has already been 
reversed, the direction of the magnetic flux is still posi- 
tive. Further inerease in magnetomotive force, how- 
ever, produces an increase in magnetism as indicated 
by curve CD. 

Again, upon reversal of the magnetomotive force, the 
magnetism lags as shown by DE and as in the first re- 
versal, the direction of the magnetic flux does not change 
until nearly -+- 2 ampere-turns have become effective. 
The remaining portion of the cycle is as indicated by EF. 

This series of changes is what occurs within the core 
of an armature and the harder the iron, the greater is 
the enclosed area. Or, in other words, the harder the 
iron, the greater the hysteresis loss. For steel the area 
enclosed within the curve would be considerably more 
than that for wrought iron, thus indicating the former 
subject to greater hysteresis losses than the latter. 

For any cycle the hysteresis loss varies according to 
the range of flux density during that cycle. For all 
practical purposes and with a flux density ranging from 
+ 2000 to +12,000, the hysteresis loss per cycle may, 
according to Steinmetz, be obtained by *the following 
formula : 

W =n VB'* 
where W is the loss of energy in ergs* per second, n is 
a constant coefficient the value of which for various 
materials is given in the table below. V is the volume 
of the iron in cubic centimeters and B is the range of 
flux density during the eyele. 


VALUES OF N FOR VARIOUS MATERIALS : 


Best quality of sheet iron, annealed...... 0.0030 
Ordinary sheet iron, annealed .......... 0.0040 
Soft ampegied “Cast WON. ..5 6... 6. a oe 0.0080 
SOft’ THMGMIRGHBIOGRs ccs oss %a'0 os 5 vere a he ous 0.0095 
CGSt TRUE hte ch hoo cn! oscars « sats wie uk Ste 0.1200 
Cath te ae adn ee sca eee Seen 0.1600 
Sing, 6 Kk 6b 0 caee kas cae wbbeas 0.2500 


During f number of cycles per second the power 

loss per second is equal to 
Ph= (nf VB*-*) ~ 100,000,000 
where Ph is the loss of power in watts. 

Loss of power in watts due to eddy currents is equal 
toe V f? L? B?, in which e is a constant of 2.5~1,000,- 
000,000,000; f is the frequency in cycles per second; V 
is the volume of iron in cubic centimeters; L is the thick- 
ness of laminations in centimeters; and B is the maxi- 
mum flux density. 


CopPEeR LOssEs 
AS THE POWER LOSS in watts in any electric conductor 


is equal to the product of the number of ohms resistance 


'*The erg is equal to 1/100,000,000 joules; the joule is the practical 
unit of electrical energy and is produced when a steady current 
of 1 amp. passes through a resistance of 1 ohm for 1 sec. 
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in that conductor and the square of the current flow in 
amperes, so is the power loss in watts in any armature 
equal to R, I,? where R, is the hot resistance of the 
armature windings (including the contact resistance 
of the brushes and the resistance of the brushes them- 
selves) and I, is the rate of current flow expressed in 
amperes. 

In determining the resistance of the armature wind- 
ings, this must be taken across the two brush terminals 
with the brushes in place as when the machine is in oper- 
ation, that is, the resistance across the positive and 
negative armature terminals. 

The shunt excitation loss is dependent upon the ter- 
minal electromotive force and the current flow through 
the winding. It is equal to E,I,, where E, is the 
electromotive force applied across the terminals of the 
winding and I, is the value of the shunt field current 
in amperes. In a generator about 20 per cent of this 
loss will be in the shunt field rheostat. 

To determine the series field loss the same formula 
employed to determine the armature loss may be used 
except that I is the current flow in amperes through 
the series winding and R is the resistance of the winding. 


VATMETER 


CURRENT SUPPLY —~ 





e- SOURCE OF ARMATURE 


_{a{ulaja{ola\ajale 


BATTERY FOR FIELD L¥CTTATON 


FIG. 44. DIAGRAM OF CONNECTIONS EMPLOYED WHEN DE- 
TERMINING GENERATOR STRAY POWER LOSSES 


The brush contact resistance loss is equal to E, I, 
watts, where E, is the voltage drop per pair of brushes, 
and I, is the total current of the machine. 


MEcHANICAL LOSSES 


THESE are made up of the bearing friction losses, 
the brush friction loses, and the windage losses. For 
moderate speed bearings with ring lubrication and light 
machine oil, the friction loss for each bearing may be 
approximately determined by multiplying the product 
of 0.8 of the bearing diameter in inches and the bearing 
length in inches by the result obtained in raising to the 
24 power the quotient of the rubbing velocity in feet 
per minute divided by 100. 

Assuming the coefficient of brush friction to be equal 
to 0.28 and the brush pressure 2 lb. per square inch, 
the brush friction loss may be determined by means of 
the following formula: 

1.25 AV — 100 
where A is the total brush rubbing surface in square 
inches, and V is the rubbing velocity in feet per minute. 

The windage loss can not be accurately calculated 
and, with peripheral velocities less than 6000 ft. per min- 
ute is so small that it may be neglected. 








DETERMINATION OF LOSSBRS 


AS IN PRACTICE eddy current, hysteresis, friction and 
windage losses cannot, with any degree of accuracy be 
determined separately, it is usual to refer to these losses 
These, with constant 
speed and field excitation, remain practically fixed for 
all values of machine output so that in the case of 


combined as stray power losses. 


shunt-wound generators operating at constant speed and 


with unvarying field current the stray power losses 


may be assumed constant under all conditions of load; 
however, due to the variation of field excitation with 


variation of load in series wound machines, this does 


not hold for such generators. 


To determine the stray power loss of any generator 


at a prescribed speed and a prescribed degree of field 
excitation run the machine as a motor employing the 
scheme of connections shown in Fig. 44. The field should 
be preferably separately excited, the ammeter and rheo- 
stat shown being provided for the purpose of maintain- 
ing a check on and regulating this. The voltmeter con- 
nected across the brushes and the ammeter inserted in 
the armature circuit allow observation of armature cur- 
rent I, and applied electromotive force E,. 
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AMMETER 
VOLTINETER 


FIG. 45. CONNECTIONS EMPLOYED IN DETERMINING SHUNT 
FIELD LOSSES 
INSTRUMENT CONNECTIONS USED TO DETERMINE 
RESISTANCE OF SERIES FIELD AND SHUNT 





FIG. 46. 


Inasmuch as the machine is driven as a motor without 
load, all of the power E,I,, which is delivered to the 
armature is utilized to supply the stray power loss S 
and to overcome the armature loss R, I,?, where R, is 
the resistance in ohms of the armature windings. Or, 

E,I,=S-+R, I? 
from which, 
S=E I,—R, I,? 
=I, (E —R, I,) 

For small variations of speed and field excitation, 
it is safe to assume a variation of stray power loss pro- 
portional to the armature electromotive force so that 
for any other value of E as E* we have 

E? 
$7=—S— 
E 
where S! is the value of the stray power loss with voltage 
at E?. 
FIELD AND ARMATURE LOSSES 


By INSERTING a low-reading ammeter in the shunt 
circuit and connecting a voltmeter across the terminals 
of that cireuit in the manner indicated in Fig. 45, the 
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shunt field excitation loss expressed in watts may be 
obtained from the product of the instantaneous volt 
and ammeter readings. 

Generally, as already explained, the series field of g 
compound-wound generator is fitted with a series shunt 
in order to provide a means for adjusting the degree 
of compounding. The series excitation loss is therefore 
equal to the product of the square of the current de. 
livered by the machine and the combined paralle] resist. 
ance of the series coil and series shunt. 

If the resistance of this is not known, it may be quite 
readily obtained by employing a Wheatstone bridge or if 
such an instrument is not available, the voltmeter am- 
meter method will prove satisfactory. Use the scheme 
of connections indicated in Fig. 46, where SF and §§ 
are the series field and series shunt respectively under 
test, B a low-voltage battery and CS the control switch, 
Upon closing the switch a flow of current is established 
the rate of which is as indicated by the ammeter, while 
the reading of the voltmeter indicates the voltage applied 
across the terminals of the series field and its shunt. 
The resistance in ohms, of the cireuit under test will 
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A 8 c 
FIG. 47. SCHEME OF CONNECTIONS EMPLOYED IN MEASURE- 
MENTS OF ARMATURE RESISTANCE 


then be equal to the quotient obtained by dividing the 
voltmeter reading by that of the ammeter. 

To determine the copper losses occurring in an arma- 
ture, it is necessary to determine, first, the resistance of 
the armature winding, which in the case of a two-pole 
machine may be done by the volt-ammeter method with 
the scheme of connections shown at A, Fig. 47. With a 
low-voltage current flowing through the armature, note 
the reading of the instruments and calculate the resist- 
ance of the armature winding by dividing the number 
of volts indicated by the reading of the ammeter. 

In the case of a four-pole machine, use the scheme 
of connection indicated at B, Fig. 47, and when a six- 
pole machine armature is under test, employ the con- 
nections shown at C, care being taken, however, to see 
that the test contacts are properly placed. Where the 
armature is that of a two-pole machine, place the test 
contacts diametrically opposite one another, while in the 
ease of a four-pole generator armature, these will have 
to be placed on the quarter; in a like manner, six- and 
eight-pole machine armatures will require placing the 
test leads 60 and 45 deg. apart, respectively. 

Actual contact of instrument leads may be mad 
by temporarily soldering these to the proper segments. 
With the instrument leads connected to the brush hold- 
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ers, as is frequently done, accurate results will not be 
obtained, due to the voltage drop caused by brush and 
brush contact resistance, which may be from 1 to 2 v. 
For all practical purposes, however, brush and brush 
contact resistances should be taken into consideration. 

Knowing the value of the resistance of the armature 
winding, the loss in watts occurring in the armature 
under any given load may be readily calculated by multi- 
plying this factor by the square of the number of amperes 
eurrent flowing. 


EFFICIENCY 


THE EFFICIENCY of an electric generator like that 
of any machine may be defined as the ratio between the 
output and the input, ordinarily expressed in per cent. 
This efficiency, known as the true or mechanical effi- 
ciency, may be represented by the following equation: 


power output 

power input 

__ power output 

power output + losses 


Mechanical Efficiency = 








Therefore, knowing the output and having deter- 
mined the various losses by means of the methods de- 
scribed above, the mechanical efficiency of any generator 
can, by the application of the formula, be quite readily 
determined. ° 

Let us take for example a series-wound machine deliv- 
ering 50 amp. at 110 v. and which we have found has a 
stray power loss of 700 w.; the resistance of the arma- 
ture when hot is 0.15 ohms and that of the series wind- 
ing 0.12 ohms. Both armature and series coil losses are 
straight RI? losses, so that for the armature we have: 

Armature loss = R,I,? = 0.15 & 50? = 375 w. 

Series field —=R,I,? — 0.12 & 50? 300 w. 

The output is equal to 50 & 110 = 5500 w. 

The efficiency then is equal to 5500 divided by 
(5500 + 375 + 300 + 700) or 0.80, or 80 per cent. 

In the case of a shunt-wound generator delivering a 
like amount of current at the same voltage and with 
armature resistance and stray power loss the same as in 


the case of the series machine cited above, we also have an 


output of 50 times 110 or 5500 w. 

Let us assume, however, that the resistance of the 
shunt field winding, including that portion of the rheo- 
stat necessarily cut into service, to be 44 ohms. The 
current flow through this part of the machine is then 
equal to the applied voltage, or 110 divided by the re- 
sistance or 44, which is equal to 2.5 amp. The shunt 
field loss is then equal to the product of 110 and 2.5 or 
275 w. 

In ecaleulating the armature loss, account must be 
taken not only of the current delivered by the machine, 
but also that used for field excitation purposes or, in 
other words, the total armature current, which is 50 
plus 2.5 or 52.5 amp. Multiplying the square of this, 
or 2756.25, by the resistance of the armature winding, 
or 0.14 ohms, we obtain 385.87, or let us say 386 w. We 
have. therefore the efficiency of this machine equal to 

5500 

5900 + 275 + 386 + 700 

In calculating the efficiency of a compound-wound 
generator, account must be'taken of the scheme of connec- 


or 0.801 = 80.1 per cent. 
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tion employed; that is, whether of the short shunt or 
long shunt type. Let us consider a short shunt compound- 
wound machine, delivering 100 amp. at 220 v. and hav- 
ing a shunt field resistance of 110 ohms, a series field 
resistance of 0.04 ohms, an armature resistance of 0.28 
ohms, and a stray power loss of 1000 w. 

The shunt field loss may be obtained by multiplying 
the resistance of this winding in ohms, 110, by the 
square of the current, which is equal to the applied 
voltage divided by the resistance. The applied voltage 
is, however, not 220, the terminal voltage, but is equal 
to the terminal voltage plus the drop through the series 
winding; that is, the product of the resistance of the 
series winding, 0.04 ohms, and the current, or 50 amp.; 
that is, 2 volts. We have therefore applied to the ter- 
minals of the shunt winding an electromotive force of 
220 plus 2, or 222 v. 

Dividing 222 by 110, we have as a value for the 
shunt field current 2.018 amp. Squaring this and multi- 
plying by the resistance of the winding, 110 ohms, a 
product of 448 is obtained as the number of watts loss 
in the shunt field. 


/ 





PER CENT £FFICIENEY 
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FIG. 48. AVERAGE EFFICIENCIES FOR VARIOUS SIZED 
GENERATORS 


The series field loss is equal to the resistance, 0.04 
ohms, times the current 100 squared, or 400 w., while 
the armature loss is equal to 0.28 ohms, the resistance 
of the armature winding times the square of the total 
eurrent (100+ 2.018), or 2913.12 w. 

. The efficiency of this machine is then 
100 « 220 ape 
(100 X 220) + 448 + 400 +2913.12 — 
() 854 = 85.4 per cent. 

In any electric generator, the useful energy, that is 
the energy capable of being utilized for purposes other 
than in the machine itself, is somewhat less than the 
energy generated or the product of the armature cur- 
rent and the brush electromotive force. If we repre- 
sent this energy by E,I, and that available for external 
use by E,I,, we may employ the following relation, 
E,1,~E,I,, to indicate the electrical efficiency of the 
machine. 

Average efficiencies of generators of various capac- 
ities are as shown in Fig. 48. Similar curves for any 
machine may be obtained by plotting the efficiencies at 
various loads, the per cent efficiency for each point being 
secured in the manner stated above. 





REGULATION 


VouTAGE regulation of a generator which is the per- 
centage of the full-load terminal electromotive force 













that the terminal electromotive force decreases from no 
load to full load, varies not only with the type of gen- 
erator but. also to some extent according to the inherent 
characteristics of the individual machine. It may be 
obtained by dividing the difference between the full- 
load voltage and the no-load voltage, by the full-load 
voltage, the voltage readings being taken with the speed 
of the machine constant. 

Assume a machine having a no-load voltage of 110 
and a full-load voltage of 100; its regulation would then 
be equal to the difference between 110 and 100, divided 
by 100, or 10 per cent. 

Except in power service where. a considerable drop 
in voltage results in a heavy current flow, voltage regula- 













U. S. BarrLtesHie New Mexico, DrivEN 





CARCELY 15 yr. ago electricity had never been 
S seriously considered as an agency in the propulsion 
of marine vessels, though the adoption of electrical 
current in the operation of street cars, automobiles, rail- 
road engines, ete., was an accepted fact. 

The forward march of electrical progress, since the 
United States has not in recent years considered itself 
a sea-faring nation, was comparatively slow to reach the 
ocean. Various applications of electricity as a motive 

































FIG. 1. U.S. BATTLESHIP NEW MEXICO 





force in driving locomotives and other vehicles of land 
transportation had reached an advanced stage of devel- 
opment, but the steamboat seemed to have ‘‘escaped,”’ 
due probably to the difficulties surrounding the adoption 
of satisfactory and efficient electrical means of propul- 
sion. This condition, however, was not destined to 
last long. 

The possibility of electric propulsion of ships was 
talked about, indeed, as soon as electric motors began to 
be used, but* the actual serious study of its application 
awaited the development of the steam turbine. When 
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tion has practically no effect upon the efficiency of q 
generator. 


QUESTIONS AND PROBLEMS FoR REviEw 


1. Enumerate the various losses existing in any 
dynamo electric machine. 

2. What are the stray power losses of a generator 
and how would you determine them? Explain in detail. 

3. <A short-shunt compound-wound machine igs de. 
livering 400 amp. at 110 v.; if the stray power logs 
amounts to 1500 w. and the shunt field winding has q 
resistance of 55 ohms, the series field a resistance of 0.02 
ohms and the armature a resistance of 0.26 ohms, what 
is the efficiency of the machine? 


The Electrical Man-o’- War 


By Four 7000-Hp. Motors TakinG Cur- 
Prime Movers EmMpuLoyep. By B.S. BEAcH 


turbine development reached an advanced stage, combin- 
ing high speed with light weight, engineers were ready 
to adopt electricity as a means of transmission between 
the turbine and propellers. So successful have they been 
in this respect that today the United States Navy has 
been won over to the principle of electric drive and has 
decided to equip all of its new capital ships with elee- 
trical machinery. Thus electricity again ‘comes to the 
forefront of scientific achievement. The electrically 
propelled ship has undoubtedly come—and come to stay. 

The best example of this development is the U. S. 
Battleship New Mexico, the first capital ship of the 
Navy to be equipped for electric propulsion. She was 
built at the Brooklyn Navy Yards and launched in 1917. 


THe New Mexico 


THE NEw Mexico weighs 32,000’tons and requires 
28,000 hp.—nearly one hp. for every ton of weight. 

She is of the oil burning type, with a total oil capac- 
ity of 3400 tons, or 6,800,000 lb., or about 1,000,000 gal. 

The oil burners heat nine boilers, each of which can 
develop 4000 hp. at a pressure of 250 lb. gage. 

Steam from these boilers operates two turbo-gen- 
erators, which constitute the power plant, each capable 
of producing 14,000 hp.; the current generated in turn 
operates 4 motors—one for each propeller. The motors 
are 12 ft. in diameter and are operated from a central 
switchboard or control station where the engineers, on 
receipt of instructions from the ship’s bridge, can start 
the ship forward, backward, or run the propellers at 
different speeds in either direction. All four motors can 
be operated from one turbo-generator, or the two port 
motors from one generator and the two starboard 
motors from the other generator. 


FLEXIBILITY OF CONTROL 


Ir ONE of the propellers breaks down, by simply dis- 
connecting the motor circuit, the power of the two power 
plants can be used to operate the remaining three pro- 
pellers. These are only a few of the various combina- 
tions of control and operation which form one of the 
main features of the ship. 

Besides utilizing electricity for propulsion purposes, 
there are many auxiliary uses to which the current can 
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be put, although current from the main generators is 
not used for such purposes. 

Part of the steam produced in the boilers is diverted 
to six auxiliary turbo-generator sets located in different 
parts of the ship, and these power plants produce the 
electricity which operates all of the devices, outside of 
the propulsion equipment, including the electric lights. 

It has been estimated that there are 300 motors on 
the New Mexico employed for various services. 

Two electrically-driven boat cranes used in hoisting 
and lowering the boats and loading supplies aboard the 
ship have a capacity of 4000 lb. each. 

The large-calibre guns of the New .Mexico are fired 
by electricity; ammunition is hoisted from the maga- 
zines by electric motors, and some of the guns are loaded 
by electricity. 

The ponderous rudder is moved into any desired 
position by the simple turn of a controller on the bridge, 
which sets in motion machinery in the hold of the vessel 
for this purpose. There are several steering stations 
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located in various parts of the ship where this operation 
may be performed in case one station should be disabled. 
In all, there are five different ways of steering, one of 
which is by hand, which requires the exertions of six men. 

Ventilation and heating of the ship is by air—cold 
air forced into the vessel in warm weather and hot air 
during the winter months. The air is forced through 
pipes by blowers operated by electric motors. 

There is a completely equipped electric carpenter 
shop, machine shop, foundry, laundry, hospital operat- 
ing room and bakery, where bread is baked in elec- 
trically-heated ovens, while the galley or kitchen is steam 
operated ; the ranges burn oil instead of coal. 
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MISCELLANEOUS EQUIPMENT 


Ir IS INTERESTING to note that the electric lights of 
the New Mexico are dependent on two sources of supply: 
first, the auxiliary turbo-generators already mentioned, 
and second, a set of storage batteries which are designed 
to be brought into service if for any reason the main 
source should fail. 

Another interesting feature is the distilling plant 
having a capacity of 30,000 gal. of water every 24 hr. 
The larger portion of this liquid is used in the boilers, 
which require water of the utmost purity. 

The refrigerating system is capable of producing six 
tons of ice each day. 


Storage Battery Inspection and Operation 


PRINCIPLES OF OPERATION. 


ING, REASSEMBLING AND RECHARGING. 


tery, made up of numerous small cells, presents a 

problem which is not always understood and which, 
from time to time, is an actual bugbear from the stand- 
point of repairs and inspection. Before any intelligent 
consideration can be given to the need for repairs to 
such equipment, its. internal action when carrying a load 
must be understood. 

When the circuit is closed from a charged battery, 
current flows and chemical action immediately takes 
place between the sulphuric acid of the electrolyte and 
the lead of the plates. Lead sulphate forms in the pores 
of the positive plates, where there was once lead peroxide, 
as it does in the negative plate pores where spongy metal- 
lic lead once existed. This actual formation is slow and 
as the load remains on the battery terminals, the elec- 
trolyte becomes less and less dense, thereby decréasing 
the activity of the chemical union and battery strength 
measured in volts. 

Some authorities hold that primarily lead oxide and 
not lead sulphate is the result of discharging, but for 
our purpose the actual material formed is of minor im- 
portance. 

It is this chemical action which causes what is known 
as a difference in potential, or voltage, between the bat- 
tery terminals and which gives power to do work. Trans- 
fer of the material molecules also tends to buckle plates, 
form sediment and damage generally the cell interior, 
just as the parts of a complicated automatic machine 
wear away and in time become useless. 

Direct current, used in the charging operation and 
passed through the battery in the direction opposite to 
that when discharging, reverses this chemical action. In 
theory, the electrolyte will go back to its original spe- 
cific gravity and the plate constitutents regain their 
original characteristics. Thus the whole object of charg- 
ing is to restore those elements to their former state 
as far as possible, and in doing this no energy loss is 
desirable, although some actually does occur. 

While we might to good advantage take up the innu- 
merable details of battery use and service, these will not 
be considered, since the dismantling, inspection and re- 
assembling are the things of interest now. 


. | ‘O the average operating engineer the storage bat- 


DISMANTLING AND INSPECTION 


ALL coNnNEcTORS, filling plugs, ete., being removed, 


MetHops UsEp IN DISMANTLING, INSPECT- 


SULPHATING AND Its CURE 


each individual cell can be separated from the rest, the 
cover removed and the positive and negative plate groups 
drawn out. These may then be laid down on edge and 
separators removed one at a time by slightly spreading 
the plates.. Do not allow negative plates or separators to 
remain in the open air any length of time, but keep them 
submerged in the electrolyte or pure ‘water. 

The positive group should be examined particularly 
for washing out of material (red lead), buckling and 
warping. If the red lead filling is missing so that the 
plate ribs are too badly exposed, a complete new group 
should be substituted. A slight buckle does no harm to 
proper operation, but any serious distortion should be 
considered unsatisfactory. 

While care should also be taken in inspecting the neg- 
ative group, it is not subject to the same destroying 
action, being more ruggedly built. If found to be 
buckled, this may be corrected by placing between each 
two plates a board of proper thickness, and in addition 
one on each side of the group. To these apply a gradual 
pressure until the desired result is produced. A new 
group of elements should be substituted, if any great 
amount of filling is missing, which will be the case if the 
battery has been neglected. 

All negative plates of all cells should be of a uniform 
color, likewise all-positive plates, as this denotes a uni- 
form load on each one and no internal short circuits 
due to defective insulators or sediment. In charging 
and discharging, the colors vary. With a heavy over- 
charge, the positive plates are nearly black, changing to 
a dark and then a light brown as the battery is dis- 
charged. The negative plates are of a dark slate color 
when heavily charged, but become much lighter as the 
battery voltage drops. Once an operator has become 
familiar with a given battery, it is easy for him to deter- 
mine just what condition it is in by the plate colors. 

The wood or rubber separators should be considered 
next in importance. Allow none to go back into service 
which are in any way cracked or show signs of extreme 
wear. All new ones used should come from an acidulated 
water storage and be made by the original battery man- 
ufacturers. 

The electrolyte is also of much interest. Its purity 
is at all times important, and since this degree: cannot 
be determined except by an expert chemist, it is well 
to reconsider the positive plates. If they are in good 
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eondition, the solution usually is, but if the plates are 
badly damaged with considerable filling missing, foreign 
matter is undoubtedly present in the electrolyte. In 
this case, replace separators and negative plates as well, 
since they carry some of these impurities which will spoil 
a new positive group. 


REASSEMBLING 


Use a new electrolyte of known purity only, and be 
sure that it has the same hydrometer reading as the old 
solution, in ease the old plates are used again. Where it 
is necessary for electrolyte to be made up on the job, 
it should be composed of one volume of approximately 
1.84 specific gravity pure concentrated sulphuric acid and 
five volumes of distilled water. In mixing, pour the acid 
into the water, stirring constantly and using a lead, 
glass or earthen container. Allow the solution to cool 
before pouring into cells, as hot acid will sulphate the 
plates. If in extreme hot weather or under severe serv- 
ice, the plates become considerably exposed by the elec- 
trolyte evaporating, add enough distilled water to cover 
thém. d 

Of minor importance are the jars and covers. If 
these are cracked or broken or show any signs of being 
damaged, destroy them and put in new ones. This will 
be a saving in the long run. When old jars are used, be 
sure that all sediment is washed out before reassembling. 

If a post has become loose, it is best to replace the 
plate group completely with a new one, since by doing 
this no chance for a broken plate connection exists. 
These terminals ought to be paraffined to prevent acid 
working up and in time corroding other metallic parts, 
such as the cables and their various connections. 

Seldom does a battery case have to be renewed, al- 
though, if rotted in spots or acid soaked, destroy it. If 
in condition to use again, soak it in baking soda solution. 
This neutralizes the acid and preserves the wood. Rinse 
with water, dry thoroughly, and paint inside and out 
with asphaltum or other acid-proof paint. 

These various steps completed and the proper inspec- 
tion of parts thoroughly carried out will result in a 
reassembled unit operating satisfactorily. 

All separators should be checked over by count after 
being put in place and the assembler should be abso- 
lutely certain that no foreign matter is lodged between 
them and the plates. Replace the group unit in the 
jar in the same relative position that it previously had, 
set the cells in place, and replace connectors. The cells 
may now be filled with electrolyte to the proper level. 


RECHARGING 


ALL CHARGING CABLES ready and in place will pre- 
vent any delay in the charging operation. The positive 
generator pole should be connected to the positive bat- 
tery pole and the plate forming charge continued for 
approximately 25 hr. If the electrolyte gets above 100 
deg. F., the normal rate of charge (specified by manu- 
facturers) should be reduced. 

In the beginning, new cells will run about two volts 
per cell, rising to a maximum of 2.5. Free gassing indi- 
cates that their capacity has been reached, and if the 
operation is continued further it will break up or decom- 
pose the electrolyte. On discharge, the limit for voltage 
of a cell should be about 1.75, and when this limit is 
reached a recharge should immediately be taken care of. 
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It is good practice to pick out one cell and from this 
determine the condition of all of them. The specific 
gravity and exact amount of charge and discharge of 
the whole unit can easily be arrived at in this way, but 
the voltage of each cell should be tested occasionally. 

If at any time a weak cell is found wherein the spe- 
cific gravity is below normal, cut it out on discharge and 
on the next charging operation throw it in until the 
voltage comes to average. 

A thick bluish-white scale deposited in the plate indi- 
cates that ‘‘sulphating’’ has taken place, due to the bat- 
tery not being charged promptly when necessary, over- 
discharged, or the electrolyte getting too hot or being 
too strong. If the group is in good condition otherwise, 


- it is advisable to scrape this deposit off carefully, being 


careful not to remove any of the lead filling. 

Like a bad apple in a barrel of perfect ones, one cell 
that shows a weakness may injure the whole set or tem- 
porarily so impair their efficiency that operation will be 
unsatisfactory and in time fail completely. Watch the 
specific gravity of the electrolyte and the cell voltages 


‘and cut out any showing a sign of weakness. Treat your 


battery with good care and it will usually respond to any 
reasonable demand, since the operation is definitely de- 
termined by chemical laws which require rigid com- 
pliance. 


Late Type of Automatic Reclosing 
Circuit Breaker 


LECTRIC distribution circuits, particularly such 
as met with in steel mills and street railway service, 
require for the protection of the connected appa- 

ratus, circuit breakers which are not only of very rugged 





RECLOSING CIRCUIT BREAKER DESIGNED FOR 
EXTRA HEAVY SERVICE 


AUTOMATIC 


construction, but which possess more or less automatic 
features. An automatic reclosing circuit breaker espe- 
cially designed for such use is that shown in the accom- 
panying illustration. In addition to being closed and 
being held closed by an electromagnet, this breaker not 
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only opens automatically in case of overload, short cir- 
cuit or voltage failure, but also remains open a definite 
length of time regardless of the cause of opening; in 
ease the breaker is opened by a short circuit, the operat- 
ing mechanism makes no attempt to reclose while the 
short circuit exists, although upon the removal of the 
short circuit or overload instant closing is effected. 

The main contact brush is of the laminated butt co:.- 
tact type, with studs of laminated construction, the lower 
stud being slotted vertically and the upper one horizon- 
tally. The main contact brush is protected from arcing 
by an auxiliary copper contact shunt and the final are 
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is formed on upper graphalloy contact tips. The upper 
arcing tip is supported on a pivoted support actuated by 
a strong compression spring so that the upper rear tip 
follows out at a considerable distance in opening, there. 


_by insuring good contact of the arcing tips until brush 


and auxiliary contact are separated from their respec- 
tive contacts. The upper rear arcing tip is also pivoted 
directly on a bracket so that it is free to aline itself with 
the front contact in all positions. 

Provision is made for adjusting the tension of the 
main brush by means of an eccentric bushing in the 
brush support. 


Generating and Sub-Station Conductor Supports 


Types AND MetruHops UTiILizep to INSURE SAFETY 
AND CoNTINUITY OF SERVICE. By J. P. CoLuLopy 


HE dependability and appearance of an electri- 

cal station depend largely upon the selection and 

care taken in the installation of the electrical 
conductors, yet we so often see this important item left 
to the last. There is a tendency to employ some form 
of conductor, with first cost quite often the deciding 
factor, and leaving the method of installation to the 
men ‘‘on the job,’’ without any drafting room work. 
The diagrammatical idea is followed without .giving 
enough thought to the mechanical details. That is, it 
is known that things will operate if certain points are 
connected no matter how the conductor is run. This is 
not true of some installations, but it is true of a large 
number. 

There is no reason why electrical conductors 
should not be given the same consideration as steam 
and water conductors. Some of the most serious acci- 
dents in a power house are caused by the improper in- 
stallation of electrical conductors. In addition, it is 
not an easy task to keep up the appearance of a num- 
her of poorly installed wires and cables. If the appear- 
ance of a station is not kept up, careless operation is 
apt to follow. 


GENERATOR LEADS 


THE CONDUCTORS leading from the generators to the 
circuit breakers should be chosen with particular care, 
as in most installations there is no form of protection 
in case of a ground or short circuit in this part of the 
system. The type of conductor used here varies with 
the size of generator and the voltage. The conductors 
from small units up to 100 or 150 kw. are often rubber 
insulated cotton-covered cables run in iron or fiber con- 
duit. It is important that these cables be pulled in 
without injuring the”insulation and that a fitting be 
installed on each end of the conduit capable of keeping 
out moisture and dust. The leads should not be brought 
up where they will be subject to mechanical injury. 
With generators of moderate size but of high voltage, 
single conductor varnished cables are often used. These 
are generally run in fiber conduit. The leads from 
larger generators are generally of the following: single- 
conductor lead-covered cable, seamless copper tubing or 
copper bars either round or rectangular. The lead- 
covered cable is terminated at either end with a pot 
head in order to keep out moisture and protect the 


cable from static. The fitting commonly known as a pot 
head is a means of keeping the moisture from the in- 
sulation of cables by an insulating compound and re- 
inforeing the insulation at the end of the lead sheath, 
at which point static discharges are liable to occur. 
Sometimes we see a lead-covered cable terminated by 
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LEAD-COVERED CABLE CEMENTED TO CHANNEL IRON 
SECTION OF BUS STRUCTURE SHOWING MEANS EM*+ 
PLOYED TO SUPPORT CABLES 


FIG. 1. 
Fig. 2. 


stripping the lead back from the end and wrapping 
small portions of tape around the insulation. A ter- 
minal of this kind is very likely to cause trouble at 
critical times. 

There are several satisfactory methods of supporting 
lead-covered cables. Often they are run in channel 
irons and of sizes that will suit conditions. Various 
forms of racks for supporting these channels are used. 
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In some installations the cable is cemented into the chan- 
nel as shown in Fig. 1. 

Qne power company uses lead-covered cables from 
all their generators including units as large as 35,000 
kw. The cables are supported between concrete slabs 
as in Fig. 2. These slabs are cast separately and are 
made of Portland cement and finely crushed rock re- 
inforced with %4-in. iron rods. The barriers between 
phases are set into grooves cast in the upright pieces. 
After the parts are all set in place the joints are sealed 
with cement. ' 

In this installation the lead sheaths are grounded 
through a potential transformer. If the insulation in 
the cable breaks down the transformer is energized. 
This rings a bell notifying the operator. Where the. 
lead cables are of moderate size one sometimes sees 
them mounted as shown in Fig. 3. Copper tubing is 
sometimes used and supported in this way. In all eases, 
the cables must be run so that they are not in the 
neighborhood of steam pipes, traps, ete., on account 
of the liability of break down. 

Copper tubing, on account of its large size, can not be 
economically insulated by wrapping with insulating 
tapes. Barriers must be provided where there is danger 
of anything coming in contact with the bare tubes. 
Bare conductors in the open often invite trouble. 

Of late, the generator leads to a number of large 
units have been run as shown in Fig. 4. This is a very 
substantial method of supporting leads and should be 
almost void of all troubles if properly installed. 


Marin Busses 


LOW-TENSION BUSSES are generally of copper bars. 
High-tension bus structures of earlier designs were 
often carelessly laid out and anything but a thing of 
heauty. A small copper wire was used and supported 
on pin-type insulators by means of tie wires. In later 
designs, the tendency is to use a more rigid bus and to 
support it in a more substantial manner. Round cop- 
per rod, copper and brass tubing and iron pipe are all 
heing employed for high-tension busses. 


Exciter Leaps 


EXCITER LEADS are generally run in conduit, both 
fiber and steel being used for this purpose. When fiber 
conduit is employed, special care should be taken to 
make joints water tight. Conductors insulated with rub- 
ber or varnished cambrie and covered with two layers 
of cotton braid are most widely used. 


ContROL CONDUCTORS 


THE CONDUCTORS used in connecting up relays, oper- 
ating coils, signals ete., are double-braid N, E. C. stand- 
ard and run in conduit. Large central stations have 
found it advisable not to use multiple conductor leads for 
any of this work. Some large central stations use flame- 
proof wires for the leads froni current and potential 
transformers in order to make these parts as depend- 
able as possible. 


THE SWITCHBOARD 


ELECTRICAL WORKMANSHIP shows up at no place more 
than behind the switchboard. The front of a switch- 
hoard generally takes care of itsself, but a great deal 
of skill and ingenuity can be used in improving the 
appearance behind the switchboard and at the same 
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time improving the general dependability of the plant. 
As a rule the station electrician does not have to ex- 
tend himself much to lay out the back of a board with 
a better appearance than those wired in the shops of 
large manufacturers. 


SuPPORTING CONDUCTORS 


THERE ARE several forms of conduit clamps on. the 
market, but all seem to have their faults and many are 
almost useless. In a large number of installations, the 
electrician makes his own clamps on the job. Often 
these are quite satisfactory. In Fig. 5, a form of clamp 
is illustrated which has proven very serviceable for 
steel conduit in a number of installations. These hang- 
ers are made of 14-in. iron rod. After a little practice, 
a man can make them quite rapidly. At first, there 
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may be a little trouble in getting the clamp tight to the 
beam, but this difficulty is soon overcome and the con- 


duit held tightly in place. 
SUBSTATION CONDUCTORS 


THE FOREGOING STATEMENTS, although mentioned in 
connection with generating stations, can easily be ap- 
plied to substations. As a general rule, substation 
wiring will be found in poorer condition than that of 
generating stations. The high-tension wiring can be 
improved by substituting rigid conductors for small 
copper wires. These rigid conductors may be copper 
tubing, galvanized iron piping, ete.; the selection de- 
pends mostly upon-the amount of current to be handled. 

Large cables are most commonly used on the secon- 
dary side of substations. A neat, dependable installa- 
tion can be secured by using cables but care should be 
used in their installation. Cables run in the open 
should be evenly spaced and supported by clamps that 
will securely hold them in their place. Where a large 
amount of current is to be handled such as for syn- 
chronous converters, Illgner sets, etc., the best installa- 
tion is made by using copper bars. These bars are sup- 
ported by clamps mounted on porcelain insulators, 
marble-lined steel hangers, ete. 
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Modem Power Plant Machinery and 
Power Plant Labor 


NEcEssITy OF EpucAaTION OF PowER PLANT 
LABOR TO THE VALUE OF MopeRN MACHINERY 


N THE LIGHT of recent developments in coal and 
ash handling equipment, as well as every other 
power plant accessory, this is an important subject 

when viewed through the eyes of the man-power of the 
boiler room. 

Why? Let us see by reference to an actual instance. 
A large public service company of a distant city 

had just passed into the hands of a receiver and was 
about to be taken over by new interests, who were ready 
to go ahead and reconstruct the boiler room throughout 
with modern equipment. Accordingly they sent for a 
sales engineer from a reputable coal-handling machinery 
house. He arrived, and, after a conversation with the 
new management, was given a pass to go into the plant 
to talk the requirements over with the men and de- 
termine what was needed to put things in ship-shape 
condition. 

What a reception and what co-operation were given 
him by the men on the job! At first they shied around 
the visitor as a young colt goes around a hole in the 
road; then they got together in little groups with an 
idea of discussing the best possible way to avoid giving 
him facts. 

In an amiable way, the visitor approached the fire- 
man in charge and attempted a friendly conversation; 
but a tirade of abuse followed. The sales engineer was 
accused of calling with the idea of ‘‘getting the jobs’’ 
of 90 per cent of the men in the place. The automatic 
coal unloaders, conveyors, stokers, ash-disposal system, 
coal storage, and other equipment would replace the 
present man power to a point where all would be look- 
ing for new jobs; and a green college graduate, dressed 
in formal style, could step in and turn out the kilowatts 
satisfactorily. Pressing a button here and turning a 
lever there would dump the coal, fill the bunkers, main- 
tain water levels, clean the grates, ete. Mind you, those 
firemen actually believed all of this. In their minds, our 
leading power plant labor saving machinery manufac- 
turers were criminals, since they provided a means of 
taking the bread and butter away from the men who 
had for years faithfully shoveled coal, sliced fires, ete. 

The men didn’t stop to think that their former 
employers had just failed because of refusing to con- 
sider new appliances. Power manufacturing costs went 
up, demands became heavier, yet they held to the old 
way of man-fired units for large capacities. Bankruptcy 
was the result, and had not the new management realized 
all of this and planned better things in the way of 
enlargements and new equipment, the plant would have 
been closed down and every man on the job would 
have been out on the open labor market. 

Meeting such cases, and hearing of similar ones, 
sometimes makes one wonder how many power plant 
men still need to be helped in this respect and shown 
the facts. The fault is not primarily theirs. Power 
plant machinery manufacturers have done compara- 
tively little to educate the fireman and his associates to 
better things. He works in the heat and dirt all day 
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and accordingly has little or no incentive to look for. 
ward to better and bigger plants. He doesn’t realize 
that the day is fast coming when actual back-breaking 
labor will be unnecessary in any plant to maintain the 
necessary pressure on the steam line. Boiler rooms, and 
engine rooms as well, will be made cleaner, lighter, 
cooler and much more desirable places to work in than 
they are now. In no small number of plants are thege 
conditions existing today. 

Well what do these facts lead to? Just this: 
CO-OPERATION. Do your darndest, Mr. Power Plant 
Man, to assist with every effort the salesman who is 
called in by your management to figure on equipment, 
Your job is safe! If you don’t hold down the hard. 
tedious one you now have, there is every reason why, 
by your own self development and initiative, you should 
place yourself in a better and more desirable one. The 
manufacturers of these modern devices need good men 
with practical firing and general maintenance experience 
to work in their shops, offices, and engineering depart- 
ments. Any such organization worth working for can, 
and will, take in a man if he shows he can plan, develop, 
and earry out profitable ideas. 

Then again, what about the many new and enlarged 
power plants going up? Increased demands for power 
mean new supply sources which in turn create a demand 
for experienced, competent engineers. And so your 
opportunities, when properly considered, are rapidly in- 
creasing though actual requirements for muscle power 
may he steadily decreasing. Get into the boat, stop 
complaining, and push to the utmost any new ideas ad- 
vanced—if you believe them worthy. If you think them 
valueless, ask the manufacturers for an explanation 
about them. This should be cheerfully given to any 
individual or organization. 

Use the grey matter with which nature has endowed 
you and above all—think, think, think—along the proper 
lines, for equipment development, original ideas, and 
new labor saving devices are badly needed. 

All of this effort will react on your calling a thousand 
fold and in the end your attainment of life and its 
enjoyments will surprise even yourselves. 


THE FINAL figures of coal production for 1918, com- 
piled from reports from all operators in the country, 
have just been completed by the Geological Survey. 
These official figures show for the year 1918 a total output 
of 579,386,000 net tons of bituminous coal, a figure less 
by 1.1 per cent than the estimate published 8 mo. ago. 
The total production of coal—anthracite, bituminous and 
lignite—in 1918 was 678,212,000 net tons. Pennsylvania 
ranked first’ in output, with West Virginia second, and 
Illinois a close third. The number of men employed in 
the production of bituminous coal in 1918 was 615,300, 
compared with 603,143 in 1917. The average number 
of days worked, the highest recorded, was 249, com- 
pared with 243 in 1917. 

The total value of the production of the bituminous 
coal mined in 1918 was nearly $1,500,000,000 and of both 
bituminous and anthracite coal, $1,828,423,000. The av- 
erage value per ton realized. for bituminous coal was 
$2.58, compared with $2.56, the estimated weighted 
average of the established Government prices in effect 
throughout the year. 
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Station Organization to Obtain 
Highest Efficiency 


How Borer Room Operators SHOULD 
Be GRADED ACCORDING TO ABILITY, 
AND DISCUSSION oF A BUSINESS SYSTEM 


,T APPEARS to be a universal custom to have a 

certain stereotyped organization in power house 

operation, and while there must be certain devia- 
tions from the conventional arrangement, the general 
outline of organization has for so many years been the 
same, that it has become traditional. Referring more 
particularly to that part of the organization which has 
to do with the efficient burning of fuel, it has been cus- 
tomary to grade the different positions, so that the water 
tender outranked the fireman, and the fireman. out- 
ranked any other man who had to do with the handling 
of the coal, including the wetting. This has been a quite 
natural outgrowth from the old station condition of by- 
gone days, where the fireman was merely a robust indi- 
vidual who could shovel coal, and was not required to 
display any intelligence. The more intelligent fireman, 
who was capable of operating pumps and carefully 
watching the water level in boilers, and who realized 
the damage that might occur by permitting the water 
level to become too high or too low, became a water 
tender. 

In the modern station, conditions are quite different. 
Large quantities of coal are consumed, and while the 
water tender has on his shoulders the responsibility of 
safeguarding certain equipment, and also in a measure, 
effecting the station performance from a money-saving 
point of view, the fireman is a much more important 
man than the water tender, and certain of the men who 
have to do with the preparation of the coal before it 
is delivered to the fireman, are as important as the fire- 
man. With these considerations in mind, in the sta- 
tions of the Public Service Co. of No. Illinois, both the 
firemen and the men who have to do with the preparation 
and handling of the coal, are carefully selected on the 
basis of their mental capacity, and are paid considerably 
higher rates than the water tenders. The men who han- 
dle the fires are no longer known as firemen, but as 
boiler operators. 

No bonus system is used, but by paying close atten- 
tion to the individual efforts and results obtained by 
each boiler operator as well as any other man who has 
to do with efficient using of coal, and the rewarding of 
accomplishments obtained by proper salaries, extremely 
gratifying results have been obtained. By these meth- 
ods, much greater improvement has been brought about 
than it has been possible to accomplish merely by the 
use of various instruments, such as are common in power 
station use, and even though such instruments are a 
necessary adjunct to the above outlined plan, the all 
important factor is the one of organization, supervision 
and proper rewarding of efforts and results obtained. 


Discussion orf A Bonus SysteM 


IN THE IssuE of ‘‘ Engineering and Contracting’’ of 
April 9, 1918, there is a description of a bonus system 
as used in the power plant of the Manilla Electric Rail- 


*From a paper presented at the 1919 convention, National District 
Heating Association. 


POWER PLANT 
ENGINEERING 871 





way & Light Co. In brief, the system is one under 
which thé employes and the owners share on an equal 
basis, any saving in fuel brought about, due to effort 
on the part of the employes. A series of tests were made 
to determine the B.t.u. required to produce a kw.-hr. 
at the switchboard. The average of these tests (41,000 
B.t.u. per switchboard kw.-hr. generated) was the basis 
on which the bonus system was started. The company 
purchased its coal on a B.t.u. basis, and therefore felt 
that the bonus adjustment should be on this basis. All 
employes, with the exception of the engineers, participate 
in the bonus, and an effort was made to rank the em- 
ployes in accordance with their ability to effect a sav- 
ing. It is interesting to note that in rating the employes, 
water tenders are given a rating of 10 as against a rating 
of 6 for firemen and a rating of 3 for coal handlers. 
As the company from time to time introduces improve- 
ments which benefit the station economy, an adjustment 
is made in the base figure of B.t.u. per switchboard kw.- 
hr., on which bonuses are figured. After six months’ 
operation, the outcome of this bonus: system was an 
average increase in wages to the men of 23 per cent; 
during the following 12 mo. an average increase of 35 
per cent. 

One difficulty: has been encountered, and that is that 
occasionally the bonus distribution is so large jn pro- 
portion to the employe’s standard of living that the men 
take time off, which, of course, makes difficulties for the 
management. 

By way of comment on the above system, attention 
is directed to a few points as follows: 

The basis of the bonus system, namely 41,000 B.t.u. 
per switchboard kw.-hr., seems very high, since this only 
gives a thermal efficiency of about 8.3 per cent. 

Fuel is figured on a B.t.u. basis, no account being 
taken of the ash content. It has been pretty well deter- 
mined that fuels containing equal numbers of B.t.u. per 
pound, but with different percentages of ash, have very 
different steaming value. 

The rating of the men, as referred to above, would 
indicate that those men who have the greatest control 
of the efficient performance of the station are not given 
the largest percentage of the bonus. 

The bonus system was not selected as being an ideal 
arrangement, but as having considerable merit, and with 
the thought that the greatest benefit can be derived by 
the membership from an interchange of ideas on bonus 
systems, and the one given will serve well as a basis for 


discussion. 


U. S. Crvm Servicz CoMMISSION announces an exam- 
ination, Oct. 8, for claims examiner. Vacancies in the 
Bureau of War Risk Insurance, Treasury Department, 
for duty in Washington, D. C., at $1800 a year and in 
positions requiring similar qualifications, at this or 
higher or lower salaries, will be filled from this examina- 
tion. Competitors will be rated on letter writing, gen- 
eral law, War Risk Insurance Act, education and 
experience. Applicants must have reached their twenty- 
first but not their fiftieth birthday on the date of the 
examination. Apply for Form 1312. 


THINK IN interest—your own interest—save and in- 
vest. War Savings Stamps pay 4 per cent interest, com- 
pounded quarterly. 
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RESULTS oF A COMBINATION BETWEEN THE HUMAN AND 
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HyprAvuLic ELEMENTS. 


ERE it not for that ever-present and indeter- 

\¢ minate quantity known generally as the ‘‘human 

element,’’ and sometimes referred to as down- 

right cussedness, this article would not be written. But 

since this human element was present in force, and 

through pure neglect in forgetting to open a valve at the 

right time, a series of things happened in the space of 

a few seconds which raised cain generally and was the 

means of coining some brand-new expressions to be added 
to the ‘‘ American’’ language. 

There were two accumulators, each weighted with 
about 50 tons of iron ore, which stood side by side as 
illustrated in Fig. 1, which shows the accumulators in 
their highest position after the new header beam, A, 
was installed, and which also shows the general arrange- 
ment of the latticed building supports, one of two 5-ton 
overhead cranes, B, and one of the rails at C for the 
20-ton crane. 
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FIG. 1. PRESENT CONSTRUCTION. OF HEADER 
ORIGINAL CONSTRUCTION, SHOWING DAMAGE DONE 
DETAIL OF NEW CONNECTION BETWEEN GUIDES AND 

HEADER 
DETAIL OF OLD CONNECTION BETWEEN GUIDES AND 
HEADER 


FIG. 2. 
FIG. 3. 


FIG. 4. 


Accumulator No. 1 was of the self-supporting type, 
while No. 2 (the older of the two, by the way), was sup- 
ported between two 12-in. I beams 30 ft. long, located 
as shown at D and E. No. 2, being nearest to the 
hydraulic pump, had attached to it the pump governor 
and was also slightly heavier, so that No. 1 would rise 
to the top in the position shown, where it would encoun- 
ter an additional weight, W, suspended from the header 
beam by rods and straps (not shown), with intervening 
springs, as indicated in Fig. 2 at S. 

This additional weight would hold No. 1 in this posi- 
tion most of the time as an emergency supply, in case 
several presses or riveters happened to open their sup- 
ply valves at about the same time. No. 2 would begin 
to rise as soon as No. 1 reached the top, and the pump 
would be governed by the rise and fall of No. 2, the 
pump stopping entirely when the accumulator was at 
the height shown. 


By George H. WALLACE 


The object of the header beam, A, is not to withstand 
the pressure of the accumulator, which is 1600 |b, pres- 
sure per sq. in. with a 12-in. ram, and subsequent events 
showed that the header did not resist the upward pres- 
sure of 180,000 lb. water pressure enough so you could 
notice it. 

The header merely acts as a supporting medium for 
the I beam slides of No. 2, shown at F-F, Figs. 1 and 3. 
for the new beam and at G-G, Figs. 2 and 4, for the 
wrecked beam. 

The original header beam was constructed of a 12-in. 
I beam laid flatwise, as shown in Fig. 2 and in the cross 
section in Fig. 4, with 8-in. channels having 34-in. web 
riveted approximately the entire length and two light 
12-in. channels riveted to the sides of sufficient length, 
as shown, merely to support the I beam slides D and §. 

It was necessary one day to repack the ram of ac. 
cumulator No. 2, which was done after work in the 
evening. The mechanic (?) who did the job had done it 
for the past ten years without any serious mashap. On 
this occasion, however, he neglected to check over his 
work,*hence the accident. Although the hydraulic pump 
was shut down, there was a small amount of water left 
in the accumulator line, and to prevent this running out 
while he was inserting the packing, he closed the valves 
leading to and from the accumulator—and forgot to 
open them when the packing job was completed. 

Next morning the engineer, in ignorance of the entire 
job out in the shop, started the pump, as he had done for 
several years, and while he was adjusting oilers, ete., 
he was startled by a rending of metal and clanking of 
steel. . 

What happened was this: No. 2 accumulator with 
the pump governor attached, being out of action, there 
was nothing to control the pump, so No. 1 went on up 
as far as the position shown in Fig. 1 and calmly pro- 
ceeded to push everything ahead of it. 

The header beam was bent into the shape shown by 
the dotted lines in Fig. 2, with the extra weights, W, 
weighing three tons, canted off at a dangerous angle as 
indicated. The header beam held at the left end, as 
the latticed posts here were the stronger, so when the 
beam bent, everything at the right had to come. 

The two I beam slides for No. 1 were bent as indicated 
at G, and the latticed post at the right was pulled in- 
ward 6 in., as’shown by the dotted lines, bringing in 
part of the brick wall and the wooden superstructure 
above. 

The bent post carried an 18-in. I beam above, on 
which operated two cranes, B, and both cranes were 
derailed and hanging in a critical condition. 

All the rivets by which the I beam slides were at- 
tached to the header beam were sheared off, except two 
at the point, which later required just a few blows to 
complete the fracture. 

The 12-in. I beam header finally broke in two about 
a foot from the bent latticed post and left everything 
barely hanging by the two partially sheared rivets. 

The shop foreman, who is always on the job at 7 a. m., 
hearing the crash and instantly realizing the danger. 
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jumped to a hydraulic press and opened the valve admit- 
ting water which brought No. 1 to a standstill, tilted at 
a dangerous angle. Sending a man to notify the engi- 
neer, he alternated with two riveting presses to relieve 
the water, and finally the accumulator settled back on 
the ram. 

The millwright gang was early on the scene and the 
task seemed hopeless. A staging was built and an exam- 
ination made of the damage and the proper remedy de- 
cided upon. It was found that the 8-in. channels on top 
of the twisted header were broken in two edgewise at J 
and again at K, while the 12-in. channels were badly 
bent and twisted. 

Three 2-ton chain tackles were attached to an over- 
head truss and by means of chains the broken beams 
were made safe. Two oxy-acetylene cutting outfits were 
hoisted to the top and the old beam was cut up into 
sections and lowered to the floor. 

The derailed cranes were made safe and hoisted at 
one end to permit straightening the 18-in. I beam and 
track. Removing the weights, W, was a ticklish job, 
but it was finally accomplished safely. 

Now the real job, that of straightening the bent 
beams and posts, began. Eight-inch timbers with screw 
jacks were inserted at the proper places all ready for 
action. Fuel oil torches were hoisted to the several 
places and started to heating the beams, angles and other 
parts as required. Care was required not to heat the 
parts too hot, as some of them sustained considerable 


weight. 





POWER PLANT 
ENGINEERING 873 


Part of the wooden wall back of the bent lattice post 
was cut out and asbestos paper inserted along the edge 
of an outside roof to prevent fire, and a hose laid for 
emergencies. As might be expected, the emergency did 
arise, and it kept one man busy with the hose to pre- 
vent a threatened conflagration. 

But by careful work, both on the torches and the 
jacks, the bent parts were straightened practically to 
their original position. 

Early in the game, two 12-in. and two 8-in. channel 
irons were secured, each with a half-inch web, and made 
into a new header beam, as shown in Fig. 1 and in cross 
section in Fig. 3. These beams were not riveted together 
as were the original ones, but were bolted, as indicated, 
with 34-in. bolts and lock washers. Straps made of 9/16 
by 6-in. steel formed, as shown in Fig. 3 and at F, Fig. 1, 
served to attach the I beam slides D and E to the header. 

The four channels were hoisted to the top separately 
and bolted together in place and suitably fastened to 
the latticed posts by 5-in. heavy angles. The weights, 
W, were now hoisted in place as shown and the two 
cranes, B, put on the track again. 

The staging, totaling several loads of planks, posts 
and braces, was knocked down in a little over an hour’s 
time by stationing men on the several levels and passing 
the planks and timbers down by hand. Everything 
being in readiness, the hydraulic pump was started, but 
you can be sure that we saw to it that all the valves 
were open so as not to push the roof out a second time. 
Everything worked smoothly as before; time, 25 hrs. 


Industrial Safety---II] 


EvectricaL Hazarps.* By F. H. Rew 


a terrible master. It eliminates many hazards 

which must be guarded against when steam or 
other prime movers are used, but it introduces new haz- 
ards equally dangerous. The dangers of electricity are 
from fire, shock and burns. All of these can be guarded 
against by insulation or isolation. 

An analysis of all the accidents reported by employes 
of several electric light companies showed that most of 
them were due to causes common to all industries, and 
not to electricity; but further analysis of the reports 
developed the fact that the electrical accidents caused 
the greatest loss of time. In other words the injuries 
eaused by electricity were more severe. 

This outline will deal only with the utilization of elec- 
tricity in industry, excluding fire protection, which has 
been carefully covered by the rules of the Fire Under- 
writers. The National Electrical Safety Code, developed 
by the U. S. Bureau of Standards, covers practically 
every phase of the production and utilization of elec- 
tricity and should be referred to for detailed information. 


E. LECTRICITY, like fire, is a splendid servant but 


‘WIRING 


IF ELECTRICITY is brought to the plant at high volt- 
ages it must be transformed or stepped down to a com- 
mercial voltage. The transforming equipment should 
be isolated and the wires leading from the transmission 


*From a lecture delivered before the Schools for Safety Engineers 
conducted by the National Safety Council at St. Louis, Pittsburgh, 
Rochester, N. Y., and Cleveland. 


line to the transformer should be well secured, guarded, 
and out of the reach of careless or mischievous persons. 
All this equipment should be under lock and key as far 
as practicable; no one should be allowed to go near it 
unless absolutely necessary, and then only when accom- 
panied by an electrician. 

Insulation on wire, whether on high voltage or low 
voltage, must not be trusted implicitly. It is not to be 
depended on in high voltage circuits (over 750 volts). 
The safe rule is to consider all wires as live wires, 
whether insulated or not. The insulation deteriorates in 
time, or it may be injured by chemical fumes, excessive 
moisture, oil, or acids. 

Many deaths and injuries have resulted from the 
careless handling of 110-volt equipment, and workers 
must be taught to respect it. Low voltages may be dan- 
gerous if the person is not in good physical condition, or 
if he is standing on a direct ‘‘ground’’—for example, 
on a cement floor, in water, on an iron platform, or on 
moist ground. Furthermore, there is always the possibil- 
ity that the low voltage line may be accidentally crossed 
with a high voltage line. 


LigHTINnG CiRcuITS 


FROM THE WIRES we come to the lighting fixtures, the 
motor, the storage battery, or wherever the current is 
to be used. The switch should be of an approved type, 
large enough to carry the current which will be used, 
and should be enclosed. For ordinary lighting circuits, 
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only push-button. switches or snap switches should be 
used. . In many:plants much of the electric lighting is 
provided by drop cord lights. These are likely to become 
unsafe, because the wire covering (insulation) is easily 


damaged; they should be replaced with a fixture, or at . 


least the wires should be brought to the lamp socket 
through conduit: Portable lights are subject to the same 
criticism. 


Power CiRcults 


SwircHEs controlling motors, particularly switches 
to be used by. machine operatives, should be enclosed, so 
that in turning the current on or off it will be impossible 
for the operator to come in contact with live parts. In- 
terlocking switches which are giving satisfaction are on 
the market. These switches are locked while the current 
is being used, and it is impossible to use the current if 
the switch box is open. Enclosed switches, locked with 
padlocks, may be used instead if desired. The choice is 
largely a matter of judgment, governed by peculiar con- 
ditions which may exist in the plant. The wire leading 
from the switch to the motor should be enclosed in con- 
duit, and the armature or the rotor of the motor should 
be enclosed (ventilation must not be interfered with) so 
that the live parts are guarded. In some plants the 
motors are guarded by. a fence; but this cannot be re- 
garded as entirely satisfactory, for it does not protect 
the electrician and is not complete protection for the 
operator. 


EXPLOSIVE OR INFLAMMABLE MATERIAL 


THE USE of electricity in locations where explosives, 
inflammable gas, or flying bits of inflammable material 
are found, is decidedly dangerous, for a spark or the 
arcing of a switch or motor may ignite the explosive or 
inflammable material. All live parts should be enclosed 
or placed in a separate room, free from hazardous 
materials. 

Direct GROUNDS 


WHERE EMPLOYES work on cement floors, on wet 
wooden floors, or on the ground, it is very important 
that all live parts be thoroughly insulated and that the 
employes be provided with rubber mats on which to 
stand while operating switches or when it is possible to 
come in contact with the conductors. 


ContTROL Boarps 


ELECTRICAL control boards should be well illuminated, 
should be suitably enclosed so that they will be accessible 
only to authorized persons, and should be so placed that 
the person necessarily using the board will not be en- 
dangered by machinery or equipment located near by. 
All apparatus on the board should be so placed that it 
can be operated readily from the working space provided. 
Each switch connection and all wiring equipment should 
be plainly marked so that they can be readily identified. 
A rubber mat should be placed in front of the switch- 
board so that it will be necessary to stand on the mat 
when operating switches or making any adjustment. 
Bus bars and other live parts should be equipped with 
barriers or substantial insulating coverings so that they 
cannot be short-circuited by tools or other conductors. 
Where practicable, it is desirable to enclose the switch- 
hoard both in front and back, so that it will be impossible 
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for an unauthorized person to come in contact with 
any of the live parts or to operate any of the Switches, 


TROLLEY WIRES 


IN PLANTS where narrow gage electric railroads are 
used, the trolley wire should be at least 8 ft. above the 
floor, so that employes cannot reach it or touch it inad. 
vertently. The best way to prevent accidental contact is 
to enclose the trolley wire above on each side, continuing 
the sides 2 or 3 in. below the wire. 


DIFFERENT VOLTAGES 


WHERE two or three different voltages are used in 
one plant, care should be taken properly to distinguish 
the wires for each voltage. The best way is to use dif. 
ferent colored covering on the wires and to indicate the 
switches by the same colors. Each circuit should also 
be tagged at each switch and at intervals on the line, to 
indicate the voltage. 


CONNECTORS 


CoNnNECTOR and transfer cables are dangerous for the 
same reason that drop cords and portables are criticized: 
in addition, the bayonet type connector usually provided 
is dangerous because when it is withdrawn from the inner 
contact it still touches the outer contact and a consider- 
able portion of the exposed bare rod is alive. This hazard 
can be eliminated by the use of an insulating shield fit- 
ting over the device, so that the rod will be covered 
until it leaves the outer contact. 


CrowpEp SHOP CONDITIONS 


CROWDED shop conditions increase the hazard of un- 
guarded electrical equipment, and increase the difficulty 
of properly guarding such equipment. A proper amount 
of working space should be provided around all elec- 
trical machinery. In many plants crowded working con- 
ditions have been cared for in a very satisfactory manner 
by elevating the electrical equipment considerably above 
the working space. If motors are installed just below 
the ceiling or on a platform 7 or 8 ft. above the floor, 
the possibility of accidental contact by attendants is 
avoided. 


REPAIRING APPARATUS 


Constant effort must be made to overcome the con- 
tempt that comes with familiarity, and warning signs 
and safeguards around electrical equipment must be 
maintained. Workers must be taught to beware of 
broken electric wires and to refrain from attempting to 
repair equipment or apparatus. The plant electrician 
knows how, and can do the job safely and economically. 


INSPECTION 


Wir every live contact guarded, with wires run in 
conduit, a ‘‘dead front’’ switchboard, and with all live 
parts back of the board enclosed under lock and key, 
the physical hazard is practically eliminated. With a 
definite and well understood rule that electrical equip- 
ment should not be repaired unless the switches are 
locked open, and with equally definite instructions that 
electrical equipment and machinery must not be repaired 
by anybody except the plant electrician, the human 
element hazard also is eliminated. This condition, how- 
ever, can be maintained only by constant inspection. 
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Experiences at the Glendale Plant 


LETTER FROM JOHN BLAKE AT THE GLENDALE POWER STATION TO ALBERT WAL- 
LACE AT THE BRIDGETOWN GLASS WORKS AND THE REPLY. 


EAR WALLACE: 
I was mighty glad to hear from you, and you 
surely have some plant down there. 

I am quite certain now that I can fix up one of those 
fuel valves on the oil engine if I have to; also what you 
told me about the clutch was of great help, for Wilbur, 
the manager, was down here at the plant last Saturday 
and Graham was away, for he has been going home every 
Friday afternoon until Monday noon for some time. It 
seems that he told the manager that the clutch and pul- 
ley could not be made right, and Wilbur asked me what 
[ thought of it. I said that I was sure that it could be 
fixed and if he would have the line gang come in that 
night, I would take the bushings out so that they could 
be rebabbited. He said ‘‘all right,’’ and so after the 
cars came in and Mussey and two of his men reported, 
we stopped the shaft and, by following your directions, 
I had no difficulty in getting the bushings out and then 
we blocked up the pulley and sent the bushings up to 
John Kerns’ shop for the babbiting. 

One thing more in regard to the clutch; when they 
took it off, I noticed that it had been working endwise 
on the shaft, and if there is anything that can be done 
to stop it, I shall be glad to learn how to do it. 

When Graham found that I had taken the bushings 
out, he said: ‘‘Blake, I will appoint you a committee of 
one to finish that job,’’ so it is up to me now, you see. 

The new air chamber came the other day and Graham 
put it on and then put the belt on and tried to start the 
water going. You see, the long suction pipe was empty 
and with the plungers moving so slowly, the air would 
not exhaust from the pipes. After a while he came up- 
stairs and said that he could not do anything with the 
eussed thing, so I remembered how long it used to take 
you to start it, and I had a little steam on the boiler, so 
I started the condenser pump, which gets its water from 
the same line, and that pulled the water through the 
main suction pipe; then I turned the city water back 
into the discharge line from the boiler room, and in a 
few minutes the pump started and has been working 
ever since. 

You know those two regulating valves on the wall 
near that pump; could you explain how they work and 
what they are for some time, for I never thought to ask 
about them when you were working up here? 

Thanking you for your trouble, I remain, 


Your friend, 
JOHN BLAKE. 


ALBERT WALLACE, AT BripGeTon, Mass., REPLIES 


MY DEAR JOHN: 

Your chief believes in taking good long week-ends, 
I see. It is good for him if he can get away with it; it 
is somewhat different from those days when for months 
I was never out of town and spent 84 hr. per week in 
the plant. ._ While those long hours are over, yet it shows 
that a man must take great interest in the work to cover 
everything faithfully. Graham expressed the wish to 








By G. H. KimsBatu 





make things go all right up there, but it is so easy to say 
that without feeling strongly enough to dig in and fight 
to keep the wheels turning. Many men before have had 
to struggle with badly arranged power plants and have 
won in the end, but in this case the man does not start 
like a winner. 

Graham is in charge of a plant where ail of the men 
are strangers to him, and yet he feels safe to go away 
for two days and a half each week before he is fairly 
well acquainted with everything. I can see trouble ahead 
for him if he does not turn over a new leaf. 

While there will be the extra labor necessary, it will 
be good experience for you to put the clutch and pulley 
back on the shaft, and_I am sure that you will come out 
all right. Now about that endwise movement: We 
have had that trouble before and at first we had holes 
drilled and tapped in the hub for %4-in. set screws. 
which were spotted into the shaft. With the working 
of that 84-in. pulley riding on the clutch, however, it 
naturally followed that the whole thing would work, too, 


’ even so that the end of the set screw would cut a groove 


in the shaft an inch long. 
With an arrangement like that, where the clutch has 
to be split to put it on, it is of the greatest importance 
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REDUCING VALVES 


METHOD OF CONNECTING UP TWO REDUCING VALVES 


to have it well fitted, and continual working and taking 
off have worn the hole so that it does not grip the shaft 
as it should. The proper way to make the repair would 
be to bolt the clutch together and bore a true hole in it 
about 34 in. larger than at present, then make a split 
bushing of bronze and bore it about 0.005 in. smaller 
than the shaft at that point. Having done this and 
mounted the clutch on the shaft, you would find that 
it would grip it so hard that you would have no trouble 
in the future. 

This remedy is not practicable for you at present ; there 
is a fair substitute for it and that is to file the metal 
from the points where the two halves come together, and 
when you tighten the bolts you will find that the hub 
will grip the shaft much harder than before, although 
it will not be a perfect fit; but it will answer for the 
time being. I should put in a set screw also, but do 
not tighten it until everything else has been set up. 
When all is finished, bear in mind my directions of last 
week about using the brake, and you should have no 
trouble. Some time you will be interested to hear how 
they came to have brakes on those pulleys, a story which 
I will tell later on. 

- I am glad to see that you could start the triplex 
pump, for Graham should have worked at it until he 
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had started the water; and I cannot see any reason why 
he could not have gotten it up after a while. I know 
that it takes considerable work sometimes, and I have 
even had to take off that blank flange on the suction 
chamber and close the gate valve on the suction line 
and then put the hose in there, and after the pipe was 
nearly full I would pull the hose out as quickly as pos- 
sible and put the flange back on and start the pump, 
which soon picked up the water. There ought to be a 
34-in. priming pipe connected into the suction and the 
relief valve should be next to the pump, and then there 
should be no trouble with it. 

Those regulating valves that you ask about must have 
been put in before you came to work there, and the pur- 
pose was to use water from the river from this pump 
to operate the governor that regulates the speed of the 
water wheels. This used city water for some time and 
it would use enough to cost $25 or $30 a month. I sug- 
gested to the manager that we have some arrangement 
to use the service water, which was at 60 lb. pressure 
and the governor needed but 15 lb. to operate. 

If this was done, it was necessary to have an auto- 
matie arangement so that the city pressure could be cut 
in immediately in ease of the pump failing for any cause 
to keep up the supply. If this were not done, the fail- 
ure of the water might leave the wheel with a wide open 
gate after a reduction of the load, which would cause 
a runaway. 
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John Kerns suggested the use of two reducing valves 
and they were connected up as shown in this sketch. | 

The reducing valve A was set to supply the governor 
at 15 lb. pressure, so that any higher pressure in the 
discharge side would act on the diaphragm in such a 
manner as to close the valve tight and no city water 
would be admitted. The valve B was set to supply the 
governor at 30 Ib. pressure, so that as long as the pres. 
sure in the service line held up there was no city water 
used. As soon as the water in the governor supply pipe 
dropped below 15 lb., then the city water would feed in 
through the valve A. The strainer was necessary, ag 
the service water came from the river, which often had 
small particles of dirt in it that would interfere with 
the working of the governor. The use of the stop valves 
and checks are plain to you. 

For the first month that this was used the water bill 
was reduced $25 over the one previous, which paid for 
the apparatus, so that in all other months there was a 
gain. It never gave any trouble, and the city water 
always was ready in case of need. 

I cannot say anything about this plant in this letter, 
but I am getting acquainted. I have met Gooch, and I 
think that Curly’s fears were unwarranted; but time 
will tell, and there is some inside work going on all 


_ right. 


Yours truly, 
ALBERT WALLACE. 


James Watt 


Born JAN. 19, 1736—Diep Ave. 19, 1819. By 
ENGINEER-COMMANDER Ep@ar C. Situ, R. N. 


OT to perpetuate a name which must endure 
while the peaceful arts flourish, but to show that 
mankind has learned to honor those who best 
deserve their gratitude, the King, his ministers, and 
many of the nobles and commoners of the realm, raised 
this monument to James Watt, who, directing the force 
of an original genius, early exercised in philosophic re- 
search, to the improvement of the steam engine, enlarged 
the resources of his country, increased the power of man, 
and rose to an eminent place among the illustrious fol- 
lowers of science, and the real benefactors of the world.”’ 
So runs Brougham’s famous epitaph on Chantrey’s 
colossal statue of Watt in Westminster Abbey. Watt 
was born at Greenock, Jan. 19, 1736, and died at Heath- 
field, Aug. 19, 1819, at the age of 83. His father, also 
James Watt, died in 1782, at the age of 84, while his 
grandfather, Thomas Watt, born in 1642, died in 1734. 
The lives of father, son and grandson thus cover the 
»xtraordinary period of 177 years. 
Though frequently laid aside by ill-health, Watt as 
a boy attended M’Adams Commercial School and the 
treenock Grammar School, but he owed less than most 
men to his schoolmasters. At home he read and experi- 
mented incessantly, and in his father’s workshop he 
early displayed that mechanical skill for which he was 
noted, and which caused his father’s workmen to say: 
‘‘ Jamie has a fortune at his fingers’ ends.’’ 
Watt having attained the age of 18, it became neces- 
sary for him to choose a calling, and so in 1754 he went 
to Glasgow and began work with the idea of becoming 


a mathematical instrument maker. His master, however, 
proved quite incapable of giving his apt pupil suitable 
instruction, and it was decided Watt should go to Lon- 
don. Provided with a letter of introduction from Dr. 
Dick, Professor of Natural Philosophy at Glasgow, to 
James Short, the astronomer and optician, and accom- 
panied by his relation, Captain Marr, he set out on 
horseback on June 5, 1755, and arrived in London 12 
days later. After considerable difficulty he secured a 
bench in the shop of John Morgan, in Finch-lane, Corn- 
hill, where he was to receive a year’s instruction for a 
premium of 20]. Smeaton, 10 yr. before, had been sim- 
ilarly initiated into the mysteries of London’s workshops 
and had had a business of his own in Holborn. Exercis- 
ing a frugality rivaling that of Nasmyth when at Mauds- 
lay’s Watt lived on 8s. a week, and by sticking very 
closely to his work he quickly gained the experience he 
sought, and in a short time was constructing a Hadley’s 
sextant. 

Steam engines had been at work in London long 
before Watt’s time. Savery, whose workshops had been 
in Salisbury Court, Fleet Street, and who died in West- 
minster, had shown his model to the Royal Society in 
1699, and erected one at a potter’s in Lambeth, where, 
by the force of water, he nearly blew off the tiles of 
the house. Newcomen had also seen much of London, 
and though not generally known, he lies buried in the 
Bunhill Fields, where are the graves of Bunyan and 
Defoe. 

Watt’s stay in London came to an end in August, 
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1756. He had long been out of health, and with his 
father’s consent he returned to Greenock. Watt had 
now reached manhood. Determined to strike out for 
himself, he went to Glasgow to set up as a mathematical 
instrument maker. Again he met with difficulty; but 
friends came to the rescue, and in spite of the Corpora- 
tion and the Guild of Hammermen, he was able to begin 
work in the old Glasgow College. Fairly launched on 
the highway of life, he earned a living, established a 
reputation, and became known to Adam Smith; Simson, 
the great Euclidean scholar ; John Anderson, the founder 
of the Andersonian Institute; Joseph Black and John 
Robison. Black was not yet thirty; Robison still under 
twenty. Watt’s friendships deserve a volume to them- 
selves. When Watt was not making sextants he studied 
chemistry. From mending fiddles and guitars he pro- 
eeeded to build organs. All his leisure was given to 
reading and experimenting. His room in the college 
became a favorite meeting-place, and the young instru- 
ment maker a man to be consulted. By 1760 Watt had 
moved to a shop in the Saltmarket, and in one—John 
Craig—found a partner. Three years later the Glasgow 
Journal announced the removal of the business to ‘‘ Mr. 
Buchanan’s land in the Trongate,’’ where were sold 
‘tall sorts of mathematical and musical instruments, 
with variety of toys and other goods.’’ In 1764 the 
partners had no fewer than 16 employes, and the 
prosperous Watt left the college altogether; in. July 
married his cousin, Margaret Miller, and set up house 
in Delft-field Lane. Six or eight months later, he made 
his great discovery of the separate condenser. 


INVENTION OF THE CONDENSER 


How Watt was led to this discovery we know from 
his own words. When nearly 80 yr. of age, he wrote 
an account of his experiments. 

‘‘T had gone to take a walk, on a fine Sabbath after- 
noon early in 1765. I had entered the Green by the gate 
at the foot of Charlotte St. and had passed the old 
Washington-house. I was thinking upon the engine at 
the time and had gone as far as the herd’s house, when 
the idea came into my mind that as steam was an elastic 
hody it would rush into a vacuum and if a communica- 
tion were made between the cylinder and an exhausted 
vessel it would rush into it, and might there be condensed 
without cooling the cylinder. I then saw that I must 
get rid of the condensed steam and injection water if 
[ used a jet as in Newcomen’s engine. Two ways of 
doing this occurred to me. First, the water might be 
run off by a descending pipe, if an off-let could be got 
at a depth of 35 or 36 ft., and any air might be ex- 
tracted by a small pump. The second was to make the 
pump large enough to extract both water and air. 

[ had not walked further than the golf-house when the 
whole thing was arranged within my mind.’’ 

It is not too much to say that this discovery changed 
the course of Watt’s life. 

He drew up plans for docks at Port Glasgow and 
for a harbor at Ayr, and also superintended the erec- 
tion of some Newcomen engines. In 1773 his career as 
a civil engineer came to an end with the survey of the 
Caledonian Canal, a project which was afterward carried 
out by Telford. It was from this survey he was recalled 
to Glasgow by the illness of his wife, only to find that 
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ere he arrived she had passed away, leaving him a wid- 
ower with two children. 

While thus engaged on his professional work, Watt’s 
fertile brain had been busy with a hundred matters, 
ranging from micrometers and the determination of the 
moon’s parallax to the manufacture of pottery. But the 
new ‘‘fire engine’’ was never far from his thoughis. 
Immediately after his Sunday afternoon walk he began 
experimenting again. To a brass syringe for cylinder 
he affixed a little plate condenser. One piece of his 
original apparatus is at South Kensington, preserved 
as carefully as Newton’s telescope and Davy’s safety 
lamp at the Royal society. With this interesting relic is 
also his first tube surface condenser fitted with 140 tiny 
tubes. A thing that can be slipped into one’s coat pocket, 
this is the first of all such condensers, and the troubles 
Watt experienced with it are not unknown today. 































FIG. 1. JAMES WATT 


In the spring of 1765 Watt hired a cellar and pro- 
ceeded to build a model engine; in August he removed 
to a disused pottery and made another engine with a 
hammered cylinder of 5 or 6 in. diameter. Black, who 
had been lending him money to prosecute these experi- 
ments, now introduced him to Roebuck, the founder of 
the famous Carron Iron Works, and by November, 1765, 
Watt was able to send Roebuck detailed drawings of a 
cylinder and piston to be made at the works. Though 
none of Watt’s experimental engines had been success- 
ful, Roebuck, confident of the soundness of Watt’s views, 
encouraged him, guaranteed his debts, and promised to 
find money for a patent. By 1768 a larger engine was 
constructed and Watt erected it in the seclusion of ,an 
outhouse at Kinneil House, Roebuck’s residence near Lin- 
lithgow, and in August Watt went to London about 
the patent, which was finally secured in 1769. 
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BouLToN AND WATT 


ON HIS WAY home from London in 1767, Watt had 
visited Soho, and in 1768 he did so again, and then for 
the first time met Boulton. The next 4 yr. saw but 
little advance. The Kinneil engine was completed, but 
worked badly, and Roebuck became financially involved. 
In 1770 Watt sent drawings of his engine to Boulton, 
and from that time more or less regular intercourse took 
place, and when Roebuck failed, Boulton took over his 
share of the patent. 

In the spring of 1773 the Kinneil engine was dis- 
mantled and packed, and in May, 1774, Watt turned his 
back on instrument-making, surveying and civil engi- 
neering, and left Glasgow for Birmingham, where, in 
the words of Smiles, ‘‘he at once entered on a new and 
important phase of his professional career.’’ 








FIG. 2. SUN AND PLANET ENGINE, BUILT 1797 

With his removal to Birmingham in 1774, Watt, then 
at the age of 38, entered upon his period of greatest 
activity. All his work on the new ‘‘fire engine’’ up to 
that time had been in the nature of experiment. He was 
now happily to see it put to practical use, first as a pump- 
ing engine, then as an engine suitable for all purposes. 
To the capital improvements of the condenser and the 
air pump he was to add those of double-acting and ex- 
pansive working and to combine with them devices for 
obtaining rotary motion with means of regulating the 
motion of the engine, lessening its consumption and mak- 
ing it more reliable. The actual partnership of Boulton 
and Watt lasted from 1775 to 1800, but it was the first 
ten years that saw Watt’s most brilliant work. In all 
he undertook he was more than ably seconded by Boul- 
ton, and whatever success he achieved was largely due to 
Boulton. 

Among the first results of their co-operation was the 
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removal of the Kinneil engine to Soho, where, during 
1774-76, it was the subject of many experiments and jm. 
provements. Christened by Watt ‘‘Beelzebub,”’ this 
rough, untutored parent of modern steam engines, was set 
to work to feed the water wheel which drove Boulton’s 
rolling mill. This combination of pumping engine and 
water wheel was the standard arrangement for many 
years. 

Early in 1777 Watt went to Cornwall in connection 
with the famous Chacewater engine. It was during his 
absence ‘‘Beelzebub’’ was destroyed by fire. Shortly 
afterwards ‘‘Old Bess’’ was built to replace it, and this 
engine continued in use at Soho from 1777 to 1848. 

All this time Watt, though plagued with headaches, 
distracted by his workmen, harassed by his clients and 
often in the deepest despondency, had been overcoming 
one difficulty after another. In 1781 he obtained a pat- 
ent ‘‘for certain new methods of applying the vibrating 
or reciprocating motion of steam or fire engines to pro- 
duce a continuous rotation or circular motion round an 
axis or centre, and thereby to give motion to the wheels 
of mills or other machines.’’ He had been forestalled 
by Pickard in 1780 in the use of the erank, and hence 
the five devices enumerated in this patent, only one of 
which—the sun and planet motion—appears to have been 
used. 

The last of Watt’s four steam engine patents was 
taken out in 1784 ‘‘for certain new improvements upon 
fire or steam engines and upon machines worked or 
moved by the same.’’ It was in this patent Watt made 
known his famous parallel motion, which of all his in 
ventions he considered the greatest. His improvements 
to the steam engine were, however, not limited to those 
covered by the patents. He devised and used the firs, 
counter, he fitted pressure and vacuum gages, he de- 
vised the butterfly throttle valve, made metallic pack- 
ing for pistons, applied the centrifugal governor to the 
engine and invented the first indicator. To Watt we 
are also indebted for the constant 33,000 ft.-lb. as the 
unit of horsepower. The term ‘‘horsepower’’ is due 
to Savery. The first rotary engine built at Soho was 
erected in 1782, at Ketley, for driving a corn mill. 

By the end of the ’80s the engine business of 
Boulton and. Watt at last began to pay. Besides his 
engine work, Watt had invented the well-known copy- 
ing press, constructed a steam-driven tilt hammer, pat- 
ented a new furnace and devised a steam drying 
machine; but space does not permit of more than a 
passing reference to these, or to his assistants, Murdock, 
Southern and others, or to his many friends. Neither is 
it necessary to dwell on his discovery of the composition 
of water. 

Success agreed with Watt, and from about 1790 he 
took a somewhat less active part in the business of the 
firm. In 1794 his son and Boulton’s son, Robinson 
Matthew Boulton, were admitted as partners, and main- 
tained for many years the great reputation of the Soho 
works. Watt had already, in 1790, removed to his new 
house at Heathfield, and there he spent the greater part 
of the remainder of his life. He had remarried in 1776, 
and ‘altogether had six children. 

With the dissolution of partnership in 1800 and the 
retirement of Watt from active participation in the work 
of the firm our sketch of Watt’s personal career must 
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close. He was granted a score of years to enjoy the 
fruits of his labors, and like Bessemer he left the devel- 
opment of his great invention to younger men. 

Fairbairn, when unveiling the statue of Watt at Man- 
chester in 1857, remarked that ‘‘the smallest honor we 
can do the great benefactors of mankind is occasionally 
to bring them to our recollections,’’ and it may safely be 
said that of all the benefactors Fairbairn would have 
us remember there would be none more worthy of our 
homage than James Watt, the ‘‘Improver of the Steam 
Engine. ’’—Engineering. 


Efficiency in Belt Drives 


By Mark MerepitrH 


N almost every factory and machine shop a certain 
amount of power is wasted in transmission through 
driving belts, the percentage of loss depending on 

the attention paid to the matter. Slipping, the trouble 
most frequently encountered, is common to all classes of 
belting, and, generally speaking, the remedy applied is 
to cut and tighten, or ‘‘take up’’ the belt, so that it 
will run free from slackness with a better grip of the 
pulley; but probably more belts are broken and prema- 
turely destroyed in this way that by actual use, not to 
speak of the additional load thrown on the engine and 
the consequent waste of power. To overcome slipping, 
many engineers incline to the principle of using belts 
wider than is actually necessary. This permits a heavier 
load to be carried, but when the practice is generally 
adopted all over a machine shop with fifty or more belt 
drives, the cost is considerable. There is, however, a 
growing tendency to run belts slack, as not only is fric- 
tion thus reduced and the life of the belt increased, but 
no power is wasted, and the strain on the prime mover 
is considerably reduced. Immediately the tension is re- 
duced, the friction is proportionately lessened. Further 
increase of the are of contact around the pulley (after 
the belt has been sufficiently slackened to have no initial 
tension) will not lessen the friction, but the load-carrying 
capacity of the belt is increased. As an example, in many 
engineering shops it has been found that cuts 50 per 
cent heavier can be taken on lathes where the are of 
contact has been increased from 180 (with a tight belt) 
to as high as 220 deg. (with a slack belt), and in one 
instance with a corn-crushing machine the increase in 
output was over 50 per cent. To permit driving belts 
being run slack, a proper belt dressing should be em- 
ployed. Many belt dressings rely almost entirely on 
their capacity to ‘‘stick,’’ due to the inclusion of rosin 
or tar in their composition, but others take the form of 
a non-sticky preservative or belt food free from acid 
or alkali action, which is absorbed into the belt, render- 
ing it pliable and highly effective and at the same time 
protecting it from the effects of moisture, dryness, or 
chemical fumes, Such a preparation, properly applied, 
tends to give belts a velvety cling through the setting up 
of a vacuum suction between the belt and the pulley 
face, and will permit slack running without fear of slip, 
even under the heaviest loads. 


THERE IS not much use in starting on the right road 
unless you keep on moving. Save regularly and get 
ahead with your War Savings Stamps fund. 
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“A Combined Steam and Gas 


Generator 


N THESE days of high costs and the consequent 
| quest after high efficiency, a great number of ap- 

pliances and apparatus of all kinds have been de- 
signed to secure this efficiency for the steam plant. That 
the gas producer manufacturers, on the other hand, 
have not been asleep is manifested in one instance, by 
the introduction of the Sharp-Bassett combined steam 
and gas producer. 

This novel arrangement, which is illustrated here- 
with, consists essentially of the usual type of gas pro- 
ducer, the shell and part of the body of which have 
been replaced by a double shell, serving as a steam boiler. 
This double shell, which is stayed throughout, is pro- 
vided with a crown sheet, steam dome, as well as all of 
the usual boiler fittings. 

A feed-water heater is an integral part of the plant 
and serves two purposes, as it provides a means of cool- 
ing the gas on the way to the scrubber, while using the 
heat removed from the gas to heat the feed water. 


CROSS SECTION OF COMBINED STEAM AND GAS PRODUCER 


This generator, for which the makers claim an over- 
all efficiency of 96 per cent, will appeal especially to 
those requiring steam for heating purposes, either in 
manufacturing processes or for heating buildings in win- 
ter, while using the gas for power purposes. 


THE Ecuo be Paris in a recent issue states that the 
necessity of purchasing foreign coal might be relieved 
by developing the water power of France, which is esti- 
mated at 10,000,000 hp. as compared with 7,000,000 hp. 
for Norway and 6,000,000 hp. for Sweden. Before the 
war only about 750,000 hp. was used, but a further 
450,000 hp. was developed during the war, and by the 
end of 1921, 1,600,000 hp., or 16 per cent of France’s 
resources will be worked. This leaves a huge amount 
of water power in reserve and, in addition, there are 
large potential resources in the rivers of Indo-China and 
French West Africa. One million hp. would lessen the 
consumption of coal for power production by at least 
3,250,000 tons, costing about 300,000,000 franes, and the 
comparison is more striking when the greater efficiency 
of the hydroelectric installation is considered. 
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Centrifugal Pump Testing 

ALTHOUGH MUCH has been written about the design 
and characteristics of centrifugal pumps, when testing 
them problems manifest themselves that cause observers 
o ‘‘sit up and take notice.’’ 

During the past year I have tested over 50 pumps in 
the plants of various manufacturers throughout the East, 
with more or less satisfaction, but the following test, gov- 
erned by peculiar conditions, ‘led to very interesting 
observations, 

The pump to be tested, a 10-in. double suction volute, 
was to operate at 865 r.p.m.; at 25-ft. head and deliver 
2400 g.p.m. 
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PIPING AS ARRANGED FOR TESTS 


There was no discharge nozzle available sufficiently 
large to accommodate the capacity, and consequently the 
head could not be brought low enough to come within 
the requirements. The friction in the pump, valves and 
piping consumed the major portion of the head. It was 
then suggested that a “‘Y’’ be used, manometer or gage 
inserted at each discharge nozzle, and the readings com- 
bined as though water was delivered from two pumps. 
As there was no such ‘“‘Y’’ at the plant, and since the 
pump was urgently needed, it was decided to utilize 
«a manifold that had been procured for some other pur- 
pose. This manifold was set up as shown in the sketch, 
and blanked off at point N, as elbow E and pipe C were 
not in use at that time. When the water was delivered 
through pipes and nozzles A and B, the readings of the 
gages were combined so as to give the total g.p.m. deliv- 
ered. To our surprise, however, the readings of the head 
versus capacity calculated gave an increase of heaa with 
an inerease of capacity as shown by the following data: 


Head 
29.23 
22.65 
23.60 2885 
25.85 2995 

Since no well-behaved pump should go on such a ram- 
page, it was up to us to determine how it got that way, 
and this is our solution: 

One portion of the water discharged through pipe 
and nozzle B. The other portion of the water that finally 
discharged through valve and nozzle A was first split up 
into two parts, one part to discharge directly through 
the pipe and nozzle and the other part to strike against 
the blank flange N. The mass of water immediately 
behind that striking the flange acts to dislodge the pre- 
vious layer of water downward and backward, with a 
rotary motion, setting up eddy currents from N to 0 
and then straightening out so that it can be carried 
through the discharge pipe A with the water that dis- 
charges in a direct line from the discharge head. Small 
amounts of eddy current are also set up at points 1, 2, 3 
and 4 in the manifold. 

As the valves B and A are opened to admit more 
water, the pump being run at constant speed, the mass 
of water impinging upon the blank flange is increased, 
thereby increasing the force of the impact as well as the 
eddy currents formed. As this impact increased, it re- 
quired more power to overcome it. Consequently, the 
readings of the pressure gage at the discharge side D of 
the pump registered increase with the increase of capac- 
ity, or, in other words, indicated pressure that were not 
only required to deliver the water but also to overcome 
the impact and the eddy currents as well. 

It was decided to remove pipe and nozzle A, blank off 
opening H and discharge through pipes and nozzles B 
and C and elbow E. ,This eliminated all of our trouble 
and, with slight corrections for eddy currents, completed 
S. RosENBERG. 


G.p.m. 
2080 
2629 


a satisfactory test. 


Electric Truck Costs 


Dara concerning the cost, maintenance and service of 
a 2-ton truck used for the delivery of ice is as follows: 
The purchase price in 1913 was: 
EP Ss ciC ceesccae the ckie $2000.00 
300 00 
OO Meorae GETS... . ees 1560.00 


Freight 


$3888.50 
Less discount 


Net cost -.$3715.50 . 
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The truck has been in service six years, and during 
these six years it has been used an average of nine hours 
per day, eight months per year. It has been driven 
during this time by one man, and has had, I believe, 
fairly good treatment. ; 

The roads over which the truck has made its trips 
were bad. During rainy seasons deep mud holes were 
formed, making the surface very rough. During dry 
weather the sandy surface became soft and loose, and 
made hauling very heavy. 

According to a mileage recorder on the truck, it was 
driven an average of 9 mi. per day for 1440 days, or a 
total of 12,960 mi. 

Ice delivered, according to the records, amounted to 
5761 tons, an average of 4 tons per day. 

The electrical energy delivered to the batteries, 
metered next to the battery or on the d.c. side was 22,990 
kw.-hr., an average of 1.775 kw.-hr. per mile, and 
4 kw.-hr. per ton delivered. 

The total maintenance cost for the 6 yr. was $2186.15, 
an average of $364.36 per year. The repairs in general 
included 9 new batteries, 12 batteries repaired, and the 
hatteries refilled with electrolyte solution. The driving 
gears were replaced three times, the driving shaft five 
times, and the roller bearings for all wheels, three times. 
The truck was re-tired twice, the frame welded once, and 
the body rebuilt once. Two new electric drum-controls 
were installed, and also one new rheostat for controlling 
the speed. After an examination of the batteries by 
the manufacturers, and considering their age, it was 
decided the better proposition was to replace the old 
hatteries with new ones, rather than repair them. It is 
estimated that the truck will give another eight months 
of service and with the average expense, and the fol- 
lowing figures are given for seven years’ service : 

ED Attest 785 $3715.50 
PE as Cov erd ct oaks ve sos 2550.51 
Energy at 2e kw.-hr 


ee a ere ee: $6802.43 
Salvaging truck 


We 8s os ek eee 


Estimated ice delivered, 6441 tons. Cost per ton 
delivered, $1.01. W. A. Darter. 


National Engineers’ License Law 


| AM DELIGHTED at the response to my appeal of 
Aug. 1 regarding the above subject. From north, south, 
east and west they write, approving of the graduating 
scheme and the National License Law. Engineers are 
demanding the removal of the source of their trouble, 
and rightly so. Why should they be shut up in a small 
corner called their state, and be denied the freedom and 
privilege of other craftsmen of going where the condi- 
tions are best? Why should there be any part of Amer- 
ica where men can operate steam boilers without a 
license and, as the insurance reports will show, with too 
often fatal results? Don’t you think this cheapens the en- 
gineering profession? I dare not think that there are 
enginéers today who do not believe a National License 
Law a necessity and a cure for a great many of their 
wrongs. The chief engineer especially would be benefited 
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by it; the opportunity would be presented to him of 
selecting the man of ability, who could relieve him of 
much of his worry and trouble, instead of having to 
take the man around the corner and show him how to 
start and stop the engine. 

There if no necessity or luxury that does not call 
for and require the aid of motive power, but the gen- 
eral public does not appreciate the responsibilities of 
our calling. Yet the government admits that the duties 
of an engineer are responsible and important, as a mat- 
ter of protection to life and property and of economy 
in the generation and transmission of light, heat and 
power. The government knows at the present time, 
above all other times, that there is no other artisan so 
necessary to the wealth and happiness of the people 
as the engineer. Then why should there be any great 
persuasive force necessary to convince them that the 
National License Law is an imperative necessity ? 

Engineers all over the country are talking about 
such a law and a scheme for graduating engineers. Now 
is the time to act; show everybody that engineers have 
been deprecated and forgotten long enough. Wake up, 
engineers, to the fact that you are a highly trained and 
educated body of men, always law abiding and with no 
taint of Bolshevism about you, but demanding justice 
in a National Licensing Law, so that you ean prove 
yourselves minute men, immediately opportunity occurs. 


JOHN HANNAN. 


IT 1s witH pleasure that I observe from time to time 
different articles upon this topic, and I am sure that it 
is the duty of every progressive stationary engineer to 
keep his shoulder to the wheel and push forward this 
most worthy and important issue, until it has been ac- 
complished. It is almost unnecessary to. enumerate why 
there should be a National License Law for stationary 
engineers. However, casually to glance over the topic, 
a lawyer is required to have his certificate allowing him 
to practice law, physicians in their various branches are 
also compelled to stand state examinations, and various 
other professions and trades eall for certificates of 
authority. That being the case, I want to ask every 
clear-headed thinker if he can suggest a more responsible 
position where life and property are more constantly at 
stake than that of the man at the head of a stationary 
steam plant. 

My opinion is that the shortest road to success in 
accomplishing the objects in question is to make it 
strictly a national fight, combining the assistance of all 
the engineering associations, organizations and unions 
to put this matter through. I am sure that if all of 


‘ the members of the engineering organizations of na- 


tional scope can be gotten interested in this issue, it will 
assist this worthy cause very much. It is, however, the 
duty of every progressive stationary engineer who in- 


tends to go forward in his profession to push this cause 


onward, and if he is not a member of any association, 
it is high time that he was making himself known, 
whereby an application blank for membership will be 
sent him. 

Yes, it is high time that all stationary engineers 
should not only wake up but should get busy upon this 
great issue which means so much to them. From a stand- 
point of a government certified rating, where do the 














stationary engineers stand? It is true that a few states 
require engineers to have a license, but before a man 
ean go aboard a ship he has to pass Uncle’s Sam’s exam- 
ination, and if it is necessary aboard a ship, it should be 
triply necessary in stationary power plants, which are 
sometimes surrounded by thousands of people. 

H. W. Rose. 


Or coursE, the first thing we need is a medium to 
get the ball rolling. The same thing happened in New 
Jersey about 6 yr. ago. Before that time, almost every- 
body around was an engineer; at least they thought so. 
Then one day a bombshell exploded. A law was passed 
requiring firemen and engineers to be licensed. That, 
of course, made all the difference in the world. All 
those who were holding positions at the time got their 
license, at their employer’s request, without examination, 
and the rest had to go before the state examiner and tell 
their little bit about engineering. 

That, of course, produced some engineers; so it came 
to pass that every conscientious engineer got a position. 
If that National Law would come to pass, the weeding- 
out process would begin. That is all that is needed to 
improve the condition of the real engineer. 

Then when you go to look for a position, you won’t 
be called a faker before you prove yourself to be one. 
The faker is the curse of our condition today; bear that 
fact in mind. If I could not secure a license on my 
merits, I would not have any. Get up a committee; in 
the meantime I will round up some of the boys. 

Henry Kocu. 


The Rate of Cinieas Generation in the Boiler 


Room 

Or ALL items that make for the efficient operation 

of a boiler plant by the saving of fuel and expenses, the 
most important and least recognized item is the consid- 
eration of the rate at which the steam is generated by 
the boilers. Mention of some of the advantages of the 
steam flow meter was made in Mr. Harrington’s letter 
published in the Aug. 1 issue and suggests that other 
advantages and their relative importance should be 
brought to the attention of readers. 

The rate of steam generation does not necessarily fol- 
low the rate of water supply, even when one boiler only 
isin operation. The water supplied to the boiler, as the 
coal and air supplied to the furnace, should be weighed, 
measured and regulated, the same as all raw materials 
are measured in an up-to-date manufacturing plant. 
In order to obtain the greatest fuel economy and the 
most efficient results in the plant, it is imperative that 
the product of the boiler be measured and especially the 
rate of production of steam be known to the operator or 
fireman. 

The necessity of measuring the rate of production. of 
the boiler and the economies derived from such measure- 
ments increase proportionately with the number of boil- 
ers in a given plant. Without a steam meter to measure 
the boiler output, the fireman does not know what the 
boiler is producing. He does not even know the aggre- 
gate production of all the boilers, beeause the demand 
of steam is out of his control and knowledge. Not 
knowing what the demand is and guided by the pressure 
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gage only, he is groping in the dark and is constantly 
on the alert lest the pressure rise and blow the safety 
valve, or the pressure fall and the factory run short of 
steam. 

What is the fireman expected to do under such cir. 
cumstances? It may happen that one, or a number of 
boilers, have developed blow-holes in the firebed and are 
wasting most of the fuel; but as long as the demand 
is such that the pressure in the line is not reduced, 
there is no sign for alarm, and the waste of fuel will go 
on until the conditions of the fire will perchance he dis. 
covered by one of the attendants. 

Should it happen that the pressure drops on the 
gages, the fireman has no way of knowing which one of 
the boilers is running low and not doing its share. 
Endeavoring to hold the pressure, he will, in some cases. 
overheat the boilers that were in good condition, while 
those that are running low will be overlooked. It is 
evident that this waste of fuel can be prevented only 
by a steam flow meter, indicating to the fireman the 
actual rate of steam production in the boiler. By glane- 
ing at this meter in front of the boiler, the fireman 
knows what his boiler, or steam generator, is doing in 
the same way as his more fortunate brother in the engine 
room by glancing at the wattmeter on the switchboard 
knows what the electric generator is doing. 

To state specifically, here is what the steam flow 
meter accomplishes in the boiler room: 

First—It indicates instantaneously any defect devel- 
oped in the firebed under a given boiler by showing the 
decreased output of that particular boiler, bringing 
it to the attention of the fireman or attendant. 

Second—By indicating the output of each boiler, it 
enables the running of the boilers at such capacities 
as will give the highest fuel economy of the boilers. 

Third—By indicating the output of the individual 
boiler, it singles out those boilers that are running at 
lower capacities and prevents the overheating and burn- 
ing out of arches in the other boilers. 

Fourth—lIt stimulates the interest of the fireman by 
showing the immediate results obtained from better 
firing. This eliminates the drudgery in the boiler room 
by placing the work on a basis of rivalry and sport, 
each fireman trying to make his ‘“‘clock’’ show better 
than his neighbor’s. 

In many cases when steam meters have been installed 
on the boilers, the firemen will actually object to firing 
a boiler without the aid of a meter. 

The rate of steam generation by the boiler is pri- 
marily a matter of capacity and, as such, it becomes 
the keynote of fuel economy in the boiler room, while 
by its nature, it will necessarily produce further econo- 
mies in the fixed and the operating expenses of the 
plant. 

Such economies are merely incidental to the regu- 
larity of operation in the boiler room, while the main 
advantage obtained from the boiler meter is the saving 
of fuel resulting from knowing the actual instantaneous 
steam production of the boiler: 

J. M. Sprrzauass. 


SeapoarD Air Line is contemplating converting 350 
of its engines into oil burners and several large petro- 
leum companies are submitting bids on oil required. 
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A Pipe-Bending Machine 


THe ILLUSTRATIONS: herewith show a home-made pipe 
bending machine, which was specially designed for bend- 
ing conduit piping. 

The bed was made of old %-in. boiler plate 18 ‘in. 
by 48 in. shaped as shown in A, Fig. 2. In this plate 
six 1-in. holes are drilled to allow for different settings 
of the stud and roller D’; also sixteen to twenty 14-in. 
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ELEVATION OF PIPE BENDING MACHINE 


Fig. 1. 
FIG. 2. PLAN OF PIPE BENDING MACHINE 
FIG. 3. SAMPLES OF WORK DONE 


holes spaced equally on an are of 180 deg. The rollers or 
sheaves D and D' are of a diameter to suit the curve 
desired. The two straps E and E’ are made of 5-in. 
by 3-in. by 30-in. flat iron with four or five 1-in. holes 
drilled in them to allow for different settings of the 
stud and roller D. The detachable pipe handle C is 
connected’ to the two arms E and E' by means of two 
5g-in. bolts. A second plate F, is bolted to the main 


plate A just behind the stud D’ in order to allow the 
pipe to lay flat when bending. In Fig. 1, the machine 
is shown bolted to two east iron bench legs, which make 
suitable standards, and can be securely bolted to the 
floor. 

Figure 3 shows two examples of pipe bent.on this 
machine. <A 3-in. pipe can easily be bent without flatten- 
ing the curve. Orro DorTHEN. 


Pump Packing; Trysquare for Cutting Belt 

SOME ENGINEERS seem to be unaware of the fact that 
most steam packing is unfit to pack the rods on boiler 
feed pumps handling very hot water; the hot water 
seems to convert the steam packing into a soft pulpy 
mass, and if there is ever so little a space, worn by the 
valve rod between it and the sides of the packing box, 
the softened packing will be forced out. The thing to 
do is to secure packing especially made for hot water. 
Of course the ordinary hemp packings filled with 
graphite and oil will give fairly good service for steam, 
say to 100 lb. gage, and also for hot water. The pack- 
ings’ I have in mind are the ones composed of rubber, 
cotton, graphite, ete. 
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TRYSQUARE FOR CUTTING BELTS 


A useful tool easily made, is illustrated herewith. 
It is made from a piece of hard wood, A, 12 in. long, 
2 in. wide and 1% in. thick, and another piece, B, 4 in. 
wide, 18 in. long and 1% in. thick. All edges are squared 
and a cut is made in B as shown. A and B are then 
firmly fastened together. 

In using an ordinary square when cutting belting, 
the square is apt to move slightly, unnoticed, resulting 
in a poor belt joint. 

To use the tool, the side A is placed against the 
edge of the belt; as B is fastened above A, it leaves 
B resting on top of the belt. The belt knife is then 
inserted in the cut in B and an absolutely true cut 
made. As A is resting on the same support as the belt, 
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there is little danger of its moving from its proper 
position, and the cut in B prevents the knife from 
moving away from the cutting edge. 

JAMES E. NOBLE. 


A Handy Screwdriver 


ONE OF the most convenient and handy forms of 
screwdrivers that every mechanic can have in his tool 
kit, is made by bending a piece of 3@-in. round steel to 
a right angle and grinding the ends flat to fit the slot 
in a screw. It is best to have the edges on each part of 
the bar ground to a right angle to each other as shown 
in the illustration. 








A HANDY SCREWDRIVER 


This enables the user of the instrument to get another 
hold on a screw by using the other end of the tool, when 
working in a position where there is not enough space 
to use an ordinary type screwdriver. Owing to the shape 
of this tool, the user can drive a screw with less effort, 
due to the leverage exerted by the handle, as the longer 
it is, the more easily the screw is driven. Both legs 
may be made equal in length, or one can be six inches 
and the other eight inches long. 

After grinding the edges, heat one end to a cherry- 
red color and plunge the beveled part into water, leaving 
the section above it hot. Then quickly rub one of the 
hardened sides bright with a file and watch the colors 
as they extend from the heated part toward the edge. 
When a light purple color reaches the edge, plunge it 
into cold water. Treat the other edge the same way and 
the work is done. The object of lowering the temper 
of the edge, is to prevent the latter from breaking out 
when the tool is in use. W. S. SranpIForp. 


Kink for Facilitating Removal of Keys 
OFTEN it is necessary to remove pulleys, flywheels, 
gears, etc., which are keyed to the shaft and usually the 
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CLOSED KEYWAY WITH NICK TO PREVENT BINDING 


task is a difficult one, especially where an open end key- 
way is not used—this because the key wedges in the 
eurved end of the keyway and tends to tighten the 
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grip. Where closed keyways are used, this difficulty 
can be overcome if, when the key is inserted, a chip or 
nick is placed in the keyway at each end with a chise] 
at the beginning of the curve, as shown in the sketch. 
This nick at either end engages the key as it is driven 
out, prevents it from wedging in, and hence makes it 
possible to remove it with less effort and difficulty. 
M. A. Savier. 


Electric Breast Drill for Lathe Work 


WirH an electric breast drill secured to a bench vise 
and a flat file, many small jobs otherwise capable of being 
done only on a lathe, may be accomplished. The drill ] 


AY WHEL. 


EMERY WHEEL ATTACHMENT FOR BREAST DRILL 


have is suitable for stock up to 34 in. in diameter, so that 
if I want to make taper pins out of old bolts or even 
in some instances out of light square stock, all I do is 
to put the piece to be worked upon in the chuck of the 
drill and by means of a file run over the stock until the 
desired size and shape has been secured. 

For grinding purposes, an emery wheel may be 
attached, as shown in the sketch. R: F. MUELtiFr. 


Pinion Puller 


HAVING NOTICED a design for a pulley and pinion 
puller in a recent issue of Power Plant Engineering, 
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EASILY MADE PULLER FOR PINIONS OR PULLEYS 


leads me to submit a design for a puller which I have 
used and which I think very good, being strong and 
capable of close adjustment to any pulley or pinion 
within its range, as shown in the sketch. J. H. 
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Stopping Water Hammer in Pipes 

How mAy I overcome water hammer in large size 
pipes ? 
Also, how can I prevent the hammering of check 
valves in feed lines? L. T. B: 


Riding Cutoff at More Than Half Stroke 


WILL ONE of the readers of Power Plant Engineer- 
ing kindly inform me if an old-style riding cutoff valve 
ean be made to eut off at more than one-half stroke? 

J. M. F. 


Keeping Pond Open in Winter 

BeING in the dredging business, it is necessary for us 
in the winter time to keep our ponds free from ice, in 
order to obtain as great an a from dredging 
operations as possible. 

The temperature here gets as low as 20 deg. below 
zero during the coldest months. Most of the time it runs 
around 10 below, warming up to 30 in the daytime. 
These conditions are ideal for freezing water. The ponds 
have an area of about 1000 sq. ft. 

It has oceurred to me that somebody may be using 
a scheme whereby the temperature right near the sur- 
face of the water is kept just above the freezing point 
by the use of electricity. If so, I would like to know 
of it. In order to be practicable, the equipment would 
have to be serviceable and cheap and one that would not 
be prohibited by a large consumption of electricity. 

During the coldest months of the year it is now 
necessary for us to close our dredges down, owing to 
the water freezing in the pond; if an arrangement of 
this kind could be worked out, it would give us three 
months longer dredging season. Proper arrangements 
could no doubt be made with the power companies to 
make us a special rate for electricity used in the heating 
arrangement, as they would derive greater revenue from 
us, owing to our being able to operate through the win- 
ter months. J. H. E. 


Indicator Card Criticism 

THE INDICATOR from a Wheelock engine appearing in 
the September issue of Power Plant Engineering and 
submitted by J. W. S. is not bad. The most striking 
point is that the engine is carrying a very light load and 
cutting off at about 6 per cent stroke. If this card rep- 
resents a normal load, I would judge the engine to be 
rather costly. The left-hand card we will presume to 
be the head end; it shows a higher compression and 
longer cutoff than the other card—the crank end. The 
initial steam pressure is somewhat less on the crank end, 
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and the steam lead could be a little earlier on both ends. 

I believe I would examine the piston and valves for 

leakage. The compression curve in the crank end dia- 

gram shows leakage, as the exhaust closes earlier and 

compression does not run as high as in the head end card. 
Tom JONES. 


[ WOULD say that the admission of steam was too late 
on the forward stroke, as the admission line slants for- 
ward and should be perpendicular to the atmospheric 
line. This may be remedied by increasing the angle of 
advance on single slide-valve engines, and on Corliss or 
other releasing gear engines by reducing the lap of the 
admission valves. Other than this, I think the ecard is 
good. Lesuige Kiock. 


I NOTE with interest the indicator diagrams which 
J. W.S. offers for criticism and suggestions. 

After closely observing the diagrams, I am of the 
opinion that he has considerable refinement yet to make 
in his valves and gear before he will accomplish the most 
economical results which are obtainable from his engine. 
As a matter of fact, I presume that he is running non- 
condensing. His exhaust valves are opening too early 
and he has also too much lead in his live steam valves. 
The live steam valves should have 14-in. lap, with 1/32- 
in. steam lead. Exhaust valves should have 1/16-in. 
lap, which would give about 2 in. for trial compression. 

Although on a whole the diagrams are not bad, they 
are not as good as should be taken from an engine of 
this size, provided, of course, that both his live steam 
and exhaust valves and seats are in good condition, to 
say nothing as to the condition of the cylinder and piston 
rings. This loss is not much, although it will be notice- 
able in his fuel bill. At the same time, I am sure that 
the general running conditions will be greatly improved 
and especially the crank and crosshead pins and brasses 
will give him less trouble than they must be giving him 
now. Where an engine is built correctly in design and 
all bearings are properly fitted, lubricated, and the en- 
gine valve gear is properly adjusted, it is hardly neces- 
sary to take up slack in the bearings more than twice 
a year, and in numbers of cases only once a year, in 
plants where engines are running 10 hr. every day. 

H. W. Rose. 


Placing Locomotive Tires 
REFERRING to the inquiry of G. W. M. in the Aug. 15 
issue, page 745, of Power Plant Engineering, with re- 
gard to placing locomotive tires: It recently became 


necessary for us to change tires on our yard locomotive, 
and a short description of how it was done may be of 
some use to him. 
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The locomotive was placed on a track in the machine 
shop. The four old tires to be replaced were cut with an 
oxy-acetylene flame parallel to the axle and down to the 
rim of the locomotive wheel. The four new tires were 
placed in a fire near the locomotive. Coke was placed 
in the center of the fire, which soon bécame:incandes- 
cent; this helped to expand the tires. Then the locomo- 
tive was jacked up on one side with a portable hydraulic 
jack, assisted by a hand jack of the ratchet type, until 
the wheels were high enough so that the old tires would 
clear the track when being removed, and when at the 
proper height blocks of wood were inserted under the 
locomotive and the jacks removed. 

To remove the old tires, the cut made by the flame 
was driven apart in order to loosen the old tires from the 
rim of the wheel. Once loosened they were easily driven 
off with a pipe from the opposite side of the locomotive. 
A long 4-in. pipe was inserted through one of the hot 
tires. Men got on both ends of the pipe and, with the 
tire hanging in the center, they carried the hot tire over 
to another horizontal pipe located at the height of the 
top of the wheels to be tired. The center of this latter 
pipe rested on a wooden horse, with one end at the height 
of and pointing at the rim to be tired, while the other 
end was held by some men. The new tire was slid on to 


this horizontal pipe, from which it could easily be slipped _ 


onto the locomotive wheel. Previously, flat bars were 
placed in back of the wheels at the proper distance so 
that the tires went back on the rim just far enough. The 
tire was then held in place by bracing with crowbars. 
The other tire was put on in the same way. When the 
tires were cooled off and set, the blocks were taken out 
from underneath the locomotive and the other two wheels 
done in the same way. 

The whole job took but a short time, and no trouble 
was experienced. Wirrep O. LANGILLE. 


Steam Transmission 

WE DESIRE to use the exhaust steam from our turbines 
for heating our office and our residences, located some 
half a mile away from the plant. We shall be operating 
a 750 kw. turbine during the day and a 350 kw. unit a 
portion of the night and Sundays. It is quite possible 
that we shall have to use live steam during some periods 
when the plant is down, and I would be very glad to 
have your recommendation as to the proper installation 
whereby we can convey the exhaust steam this distance 
satisfactorily. "Would it be practical to superheat this 
exhaust steam ? E. W. D. 

A. We fail to see why it would not be entirely prac- 
ticable for you to use the steam exhausted by your steam 
turbines for the heating of your offices and buildings. 
Of course, if your turbines normally operate, condens- 
ing arrangements will have to be made whereby the con- 
densers will be cut out of service during the heating 
months. Whether or not your turbines are designed 
for non-condensing service, we do not know; but would 
suggest that you take this matter up with the manufac- 
turers, who, undoubtedly, will be very glad to tell you 
whether or not your machines, if designed for condens- 
ing, can be operated non-condensing. 

Without knowing the total number of square feet 
of radiation, which you will have to install in your offices 
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and other buildings, we do not know the demand you 
will have for steam, and, consequently, cannot determine 
the size of main you will have to run from your power 
plant to your central distribution point. If you will 
give us this information, we will be very glad to deter. 
mine the correct diameter of line you will have to use 
for this service. 

You will, undoubtedly, not only want to, but be com- 
pelled to, lay your main underground. If such is the 
case, we would suggest that you use split tile conduit. 
made on good foundation underdrains below a pipe 
roller, inside filled with mineral wool or ‘asbestos 
sponge; these are durable and generally prove the best 
investment. Wooden sectional conduits with sheet metal 
lining and pipe insulation are cheaper, and will serve 
under favorable conditions in dry ground when installed 
with care. In some cases, a concrete trench properly 
drained, with slanting covered pipes supported clear of 
the floor and insulated, is used successfully. <A layer of 
broken stones to be be provided under all conduits to 
take care of snow water and assist drainage in general. 

We believe that these few pointers relative to the 
construction of the underground site of your distribution 
line will be of some value to you, but we are sorry that : 
we cannot give you any further information relative to 
the size of main required. As we have said, should you 
so desire and inform us of the total number of square 
feet of radiation required, we will gladly take this mat- 
ter up further with you. 

You ask whether it would be practical to superheat 
this exhaust steam. In reply to this, we wish to state 
that this is not necessary at all, as is evidenced by the 
fact that in many of our large cities exhaust steam is 
used for heating purposes and frequently carried a nun- 
ber of miles. 


Massachusetts Examination for First-Class 
Engineer 
THE FOLLOWING questions were asked me in examina- 


tion for license as a first-class engineer. Some may not 
agree with me on the answers given, but I received my 
license on the results of this examination and consider 
them correct. 

1. What is the total bursting pressure tending to 
rupture along the longitudinal joint on a boiler 5 ft. in 
diameter and 10 ft. long, 100 lb. pressure? 

A. The pressure for 1 in. length would be radius 
times boiler pressure, which would give 30 < 100 lb. = 
3000 lb. tending to rupture per inch length. Now a 
boiler 10 ft. long would be 10° 12, or 120 in. times 
3000 Ib., which equals 36,000 lb., total pressure tending 
to rupture longitudinal joint or shell. 

2. How do you find the strain on girth seam of a 
boiler ? 

A. Area of one head times boiler pressure divided hy 
circumference of shell in inches equal strain per inch 
of circumference. The reason for using only one head 
is that one head is pulling only what the other one is, 
so the strain would be only what one head was doing. 

3. How do the tubes affect the strain on girth seam? 

A. The strain on girth seam is smaller where tubes 
are used, as the total area of all tube holes is deducted 
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from area of head, which gives a smaller total pressure 
for the girth seam to withstand. 

4, How do you find the relative stress between girth 
and longitudinal joint? 

A. Divide the pressure tending to rupture the longi- 
tudinal joint by the pressure tending to rupture the 
girth seam, which will be to 2 to 1. 

5. Why do you use the radius of shell in finding 
bursting pressures ? 

A. The pressure tending to rupture a shell acts in 
a straight line from the diameter. On a boiler 69 in. in 
diameter, you have 60 times boiler pressure (100 lb.) 
equal 6000 lb., total pressure. This is opposed by 2 in. 
of metal, one each side; but the pressure one side would 
be radius 30 times 100 Ib. equal 3000 lb., which 1 in. of 
shell must support. ; 

6. How do you find the bursting strain on outer 
shell firebox of Manning boiler? 

A. Distance between two sheets times boiler pres- 
sure. 

7. Why do you not use the radius as in the barrel 
of boiler? ys 

A. The only strain on the outer firebox sheet is the 
projected area of unbalanced spaces. 

8. If you had no stay bolts, what would you use? 

A. You would use the radius, as one side of shell 
would have to support the pressure times one-half the 
diameter. 

9. What is the crushing strength of a rivet 1 in. in 
diameter with 1-in. plate? 

A. Diameter of rivet times thickness of plate times 
crushing strength per square ineh. 

10. How would you start up a syphon condenser 
with no forced injection ? 

A. Start with crossover pipe open until you have 
enough vacuum to lift main injection over. This cross 
pipe connects tail pipe with injection pipe low enough 
so that the water will flow in by gravity. 

11. Where does the dry air pump connect onto a 
condenser ? 

A. To the highest part, as the air and vapor will 
rise. 

12. What becomes of the steam that leaks between 
pressure plate and valve on a balanced valve with pres- 
sure plate? 

A. It goes through holes in the center of the valve 
out into the exhaust pipe. 

13. What is a lap crack, what causes it, and how is 
it repaired ? 

A. Lap erack is the cracking of plate from edge to 
rivet hole and is caused by cold air or unequal tempera- 
tures. If there are only a few and not close together, 
the plate can be cut like a V in front of rivet. The 
best way is to cut out plate and put on a hard patch. 

14. What is compression for on the Greene engine? 

A. Compression is used to cushion the moving parts; 
to fill the clearance space with steam so as to reduce 
initial condensation; also, it partly balances the valves. 

15. What is the object of the adjustable bearing on 
the ball socket on the exhaust eccentric on a Greene 
engine ? 

A. This bearing is to keep the throw of the rock 
shaft equal; if it travels too high, the compression will 
be earlier on the crank end. This can be remedied by 
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shimming or moving the exhaust eccentric back or for- 
ward on the shaft. 

16. What will the receiver pressure be with 150 lb. 
boiler pressure on a cross-compound condensing engine? 

A. Divide the absolute initial pressure by the ratio 
of the cylinder. 

17. With one boiler full of water and steam and 
one full of water and air, both at 100 lb. pressure, if 
you open the blowoff, out of which boiler will water 
escape the faster? 

A. Out of the one filled with water and air, for all 
this has to do is to overcome the resistance of the atmos- 
phere, while the water and steam have a high tem- 
perature and the water will flash into steam and cause a 
reaction which will prevent the water escaping so fast. 

18. What is the critical speed of a turbine? 

A. The critical speed is caused usually by the rotor 
being unbalanced, which in turn causes vibrating or 
shaking just before it goes into its geometrical center. 

19. How does the Curtis steam turbine get its 
power?  » 

The steam expands in nozzles, which gives it great 
velocity ; this velocity and the steam impinging on the 
blades causes it to rotate. 

20.. Where does the power of the steam lie? 

A. This power is the heat stored away in the water 
and steam. 

21. How do you find the terminal pressure in the 
high-pressure cylinder of a cross-compound engine? 

A. Divide the absolute initial pressure by the point 
of cutoff, which will give you the pressure at point of 


‘exhaust valve opening. 


W.N. L. 


Comparative Strength of Cast-Iron and Cast- 
Steel Gears 


Wit you kindly publish at an early date the total 
strength of cast-steel gearing and cast-iron gearing of 
any desired size? By this I mean the difference in 
strength of 12-in. face cast-iron and 12-in. face cast-steel 
gears. H. M. L. 

A. In answer to your inquiry relative to the com- 
parative strength of cast-iron and cast-steel gears, the 
following information is submitted: 

Strength, in pounds per square inch 

Tension Compression 
Cast-iron .........15,000 80,000 18,000 
Cast-steel 70,000 60,000 

To determine the maximum safe tangential load at 
the pitch diameter of a gear, the following formula is 
given on page 640 of Machinery’s Handbook: 

SFY (C—F) 


Shear 





Safe load = 
PC 
In which §$ is the allowable stress at a given velocity ; 
F is the width of face, in inches; 
Y is the tooth outline factor (dependent on 
number of teeth and their outline angle; 
this table of factors is given on page 641 
of Machinery’s Handbook) : 
C is the pitch cone radius; 
P is the diametral pitch. 
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Abating Chicago Smoke 


During the week of Sept. 15 to 20, the health depart- 
ment of the city of Chicago carried on a campaign 
known as ‘‘Clean Air Week.’’ The object of this 
particular campaign evidently was to awaken fuel users 
to the fact that Dr. John Dill Robertson, health commis. 
sioner for the city, and now executive head of the Smoke 
Inspection Department, has adopted a policy in conduct. 
ing the duties of the office so drastic that smoking power 
plants, apartment buildings, school houses and industrial 
establishments will have their furnace fires pulled, doors 
locked and a guard placed in the boiler room to prevent 
the building of fires unless positive assurances in the 
way of better management, smokeless fuel or smokeless 
furnaces are given. He does not intend to resort to fines 
to any great extent, nor, according to his statements. 
does he intend to put himself or his department to any 
great trouble to help find solutions to smoke problems, 

Chicago was probably the first city in the country to 
make any progress towards the abatement of smoke. 
This progress started when the head of the smoke inspec- 
tion department was a man capable of grasping the 
engineering features of the problems and attacking them 
in such a manner as to reach a definite solution without 
working an injustice upon owners of the offending fur- 
naces. So long as men capable of solving these problems 
were at the head of the department, advancement was 
made and the city air was becoming clearer as the de. 
partment’s work advanced. 

With the zone system of coal distribution in effect 
during the war, many new problems came up and the 
head of the smoke department not being an engineer, 
was unable to direct the work of scientific smoke abate- 
ment. The result was that the law was not enforced; 
apparently could not be. 

Now Dr. Robertson has beer appainted to take the 
reins. He will have the co-operation, so far as the 
ability of the individual is concerned, of every engineer 
in the city in his efforts to eliminate the smoke nuisance. 
but his method of attack is not without defects. 

For the welfare of the city, we must have fires. 
With proper furnaces for the fuel used and very careful 
handling, the law can be lived up to and economy main- 
tained. All engineers are familiar with the fact, how- 
ever, that complete smokelessness is not always the most 
economical condition, and to live within the law many 
firemen intentionally operate their furnaces in a mab- 
ner which they know is inefficient. but keeps them out 
of court. Again load conditions are forced upon the 
plant for which the engineer is not prepared and the 
atmospheric condition has much to do with smokeless 
operation. Such problems require the knowledge of a 
specialist to solve them correctly, and the attitude of 
leadership and co-operation will obtain more rapid and 
better results than that of complete annihilation of all 
furnaces that fail occasionally to live up to the law 
because of conditions out of control of the operator 
and owner. 

Severe methods may be necessary for a time, but 
if long continued without scientific aid from the depart- 
ment, the department will unquestionably meet with 
flat failure to make an appreciable reduction in smoke 
as has been the experience in cities that have taken the 
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police attitude towards smoke rather than that of point- 
ing the way to the offender to overcome his difficulties. 


Oil for Fuel 


With increasing coal costs and reduction in the out- 
put from mines, many power plants throughout the 
country are turning towards oil for fuel. Whether or not 
the change will be economical is a problem for each 
individual plant to solve. We must not overlook the 
fact, however, that our national supply has an apparent 
limit, if the data from the Geological Survey may be 
depended upon. While there are yet great quantities of 
petroleum in the Southern and Western fields, the Ap- 
palachian, Indiana and Illinois fields are rapidly nearing 
exhaustion. This condition will undoubtedly in the long 
run have the effect of increasing the price and make 
this form of fuel more difficult to secure. 

At the present time, however, the big problem in the 
oil industry is to secure a greater percentage of gasoline 
from the erude oil in order to supply the increasing 
demand of motor vehicles, and the fuel oil, being a by- 
product, is more or less of a drug on the market. Power 
plants would do well to take advantage of this condition, 
keeping in mind, however, that such a market situation 
is more than likely to be temporary in sections of the 
country where the production is limited. 

No doubt many plants are not now using fuel oil 
because those in charge are unfamiliar with this kind 
of fuel, its heat value, methods of handling, furnace 
design and other engineering problems connected with 
its use. The series of articles on this subject started in 


this issue were planned to give this information in as . 


complete and practical form as possible, describing in 
detail California oils, oil-burning systems and several 
installations in various kinds of power plants. 


Your Hobby 


‘‘All work and no play makes Jack — Before 
we go further, let us see what work is. Some of us, 
when we leave home in the morning, go to work, others 
go to ‘‘work.’’ Work is that sort of mental or physical 
occupation which is known as toil. ‘‘Work’’ on the 
other hand is occupation entered into with interest. 
Whether or not work is ‘‘work,’’ depends in some in- 
stances on the viewpoint, and in others, on the fitness 
of the individual for his job. 

The long winter evenings, when we are all more or 
less indoors, are approaching, so it is about time for 
those who have not already made plans for the use o 
these evenings to do so now. ? 

Of course it is easy to pull a chair up to the fire, 
yrab a newspaper, and fall to sleep; but is it worth 
while?’ Why not get busy on that hobby? Surely you 
have a hobby, though possibly you may not know it. 
Remember that old idea that keeps coming back to you 
so often, the mere thought of which makes time pass 
so quickly? That is your hobby. 

Those who go to work, and are dissatisfied with their 
jobs, ean do no better than to study to qualify for the 
job they think they would like. Such study will prove 
to be a pleasant hobby, if along lines that really interest 
the student rather than offer the greatest financial pos- 
sibilities. 


’ 
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Those that ‘‘work,’’ on the other hand, have no 
reason for loafing, as they have the advantage of a 
wider field from which to select their hobbies which may 
be either wholly for pleasure, or with some serious 
object in mind. 

A hobby, no matter whether expensive or otherwise, 
if followed faithfully, pays big dividends. It helps to 
increase the ‘‘grey matter’? and prevents one from 
becoming—‘‘a dull boy.’’ 


Electric Power Production for March 


LTHOUGH we lament the fact that our water 
resources are not developed to the full extent, it 
is interesting to note that, of the power developed, 

over 40 per cent comes from hydroelectric plants. This 
information is taken from a report compiled by the Divi- 























CENTRAL STATION OUTPUT AND FUEL CONSUMPTION 
FOR MARCH 
Total KW. HRS. 
produc Coal Petroleum and| Maturel — 
Btate Short tone |derivatives poe oe 
By water- eande © . 
power By fuele cubic fee 
Alabans 80,275 4,907 16,467 0 0 
Arisona 6,689 21,807 6,160 68,011 ° 
Arkansae 72 6,620 11,177 48 6, 
Salifornia 216,914 33,939 ° 186,127 181,766 
Colorado ° 17,144 44,079 Qo 
Connecticut 14, 37,469 62,234 323 12,616 a 
Delaware ° 4,784 7,713 17 ° 
D.C. ° 19,172 20,483 ° ° 
Florida 892 8,789 6,594 99,149 161 
Georgia 37,266 6,062 11,934 120 ° 
Idaho 39,918 257 1 10 0 
Illinois 2282 207,706 1,289 2,198 c 
Indiana 3,648 54,613 157,896 167 2,108 
Iowa 48,602 25,051 739 730 0 
Kansas 1,223 30,776 61,932 60,233 86,996 
Kentucky 4 19,127 39,386 361 ° 
Louies ° 14,866 14,560 29,419 47,458 
Maine 20,167 73 4B 7 2 
Maryland 371 13,698 23,657 1,600 
Massachusettes 31,365 100,054 143,463 “4 ° 
Michigan 59,650 96,101 124,641 104 ° 
Minnesota 34,881 16,648 46,346 992 ° 
Mississippi 0 399 16,642 349 0 
Missouri 2920 38,396 9496 19,680 7 
Montane 77,861 854 6,686 563 960 
Nebraska 959 16, 687 33,984 3,349 7 
Nevada 2,450 121 160 1,044 ° 
New Hampshire 7,971 968 8,696 20 ° 
New Jersey 197 6,776 116,626 103 o 
Wew Mexico 66 1,656 438 1,360 0 
Hew York ,318 286,191 363,319 546 164,408 
North Oarolins 46,333 7,426 9234 20 7 
Berth Dakota ° 2,453 17,116 ie) 
Chio 3,932 194,850 298 642 523,020 b 
Oklahoma 183 12,961 15,163 5,594 440,094 
Oregon 29,014 3,779 433 14,345 
Pennsylvania 62,609 246,969 408 ,364 4 54,460 
Rbode Island 805 18,406 23,084 ° 
South Carolina 43,417 4,045 9,540 33 0 
South Dakota 3,679 4,042 12,336 3,463 ° 
Tennessee 45,222 10,680 28,724 84 
Texas 200 48,034 34,789 181,318 179,760 
Utab 15,468 ° 61 ° 
Vermont 18,393 179 412 2 0 
Virginia 20,221 18,774 322,475 1s 
Waehington 79,347 4,521 4? 18,804 F ° 
West Virginia 1,593 68,108 70,717 68 143, 688 
Wieconein 37,669 33,053 77,139 662 
Wyoming 172 3,898 19,907 2,639 18,349 
Total 1,300,924 1,642,214 2,931,037 822,783 1,740,740 
Combined total 3,143,138 
a Artificial gas 
b 67,166 Artificial gue 
l 























sion of Power Resources of the U. S. Geological Survey 
for the month of March, 1919, and is based on returns 
received from 3075 electric power plants engaged in 
public service, including central stations, electric rail- 
ways, and certain other plants, the output of which 
contributes to the public supply. Returns were received 
from plants representing about 89 per cent of the total 
generating capacity. For those plants which did not 
submit returns or were unable to furnish their output, 


estimates of the output were made as accurately as pos- 


sible from available information. The output for the 
month averages 101,400,000 kw.-hr. per day, of which 
41 per cent was produced by water power. The average 
consumption of coal per kilowatt-hour of plants using 
coal which made returns was about 3 Ib. 
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With the Engineers in West Virginia 


THIRTY-SEVENTH ANNUAL CONVENTION OF THE NATIONAL ASSOCIATION 
oF STATIONARY ENGINEERS HeLp at Huntineton Sept. 8 to 12 


ESPITE the hot weather; it surely was a mighty 
D grand and glorious feeling when getting off the 

train at Huntington to see those folks and to hear 
those brass bands welcome you to their city. It really 
was a thrill which comes but once in a lifetime. 

The eastern men came in shortly after noon, while 
it was somewhat after 5 o’clock before the western del- 
egation reached the city in two special coaches attached 
to a regular C. & O. train from Cincinnati, and as each 
arrived they were taken directly up to convention head- 
quarters at the Hotel Frederick with the band, of course, 
in the lead. 

Except for the reception and registration of delegates 
and visitors at headquarters, but little was done that 
day. By 8 o’clock in the evening, however, all had hied 
themselves to the hall in the Chamber of Commerce 
Building when the formal opening of the exposition of 


Virginia, with special reference to the natural fuel re. 
sources of that section of the country, was followed by 
S. B. Montgomery, Commissioner of Labor. In addition 
to mentioning his great satisfaction in the fact that 
Huntington had been considered big enough to secure 
this convention, Mr. Montgomery revealed to his audi- 
ence the fact that the coal deposits of the state covered 
a total of about 16,280 sq. mi., which, according to the 
present rate of consumption, was sufficient to supply the 
entire world for the next 1100 yr. 

Following this speaker, short talks were given by 
G. I: Neal, of the Chamber of Commerce; John Wickert, 
Past National President; W. W. Smith, of Huntington, 
and Chas. Cullen, of the National Exhibitors’ Aggo- 
ciation. 

President Mackay then announced the various con- 
vention committees. According to the reports presented 
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power-plant equipment and supplies took place. After 
brief addresses by Charles Cullen, President of the Na- 
tional Exhibitors’ Association, and Roderick Mackay, 
President of the National Association of Stationary En- 
gineers, delegates and guests were given their first oppor- 
tunity to learn all about the’ most modern appliances 
on the market for the safe, economical and efficient 
operation of steam plants. Although not the largest 
display ever presented before a convention of the 
N. A. S. E., the decorations, which were in pale blue, 
white and gold offset with the National colors amid a 
profusion of palms and ferns, were without doubt the 
prettiest, while the exhibitors spared no efforts in plac- 
ing before the delegates and guests a most complete 
array of their wares. 

Promptly at 10:45 o’clock Tuesday morning, with 
the delegates assembled at the Municipal Building, C. S. 
Humphreys, chairman of the local convention committee« 
opened the throttle and set the big machine into motion. 
After welcoming the delegates, exhibitors and visitors, 
Mr. Humphreys introduced Mayor C. W. Campbell, 
who, after giving the usual civic weleome and a brief 
discourse on the city of Huntington and the state of 


during the afternoon session, it was the general expres- 
sion of the committeemen who were heard that the 
educational program should and would be extended to 
embrace all parts of the country, and thereby enable 
every member of the N. A. S. E. to take advantage of 
the opportunities for a greater degree of self-improve- 
ment. 

With the checking of the registration lists, the num- 
ber of delegates and visitors was fixed at approximately 
1500. 

A paper by T. J. Royer on ‘‘National Water Power 
Conservation’’ but presented by H. R. Hilton of Los 
Angeles, Cal., due to Mr. Royer’s absence, was the head- 
liner from a technical standpoint, and the author was 
accorded a place apart in the minds of his auditors. 

The Wednesday morning session was called to order 
by President Mackay at 9:10 o’elock. The first num- 
ber on the program was the discussion on ‘‘Shortening 
the Distance from the Engine Room to the Office,” 
opened by a short paper on the subject by John W. 
Lane. The salient points brought out by Mr. Lane 
were the following suggestions: ! 

(1) Study your immediate superior as to his ways 
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of doing things, his manner of reaching decisions, his 
temperament in general, ° 

(2) Have the appearance and performance of the 
plant such as will inspire his confidence. 

(3) When making reports do not include technical 
details or subdivision of cost factors. Confine the reports 
to service rendered and costs. 

(4) Requests for supplies or equipment should be 
in writing, with copies retained. 

(5) During business hours do nothing but business. 

(6) Be diplomatic. 

Following this was an exceedingly interesting paper 
on ‘‘ Two Rate Wages,’’ by Walter N. Polakov, Consult- 
ing Engineer of New York City. 

During the afternoon, however, ail business and 
thoughts of business were cast aside and forgotten. 
Promptly at 1 o’clock delegates, exhibitors and guests, 
accompanied by the band, boarded special trolley cars 
at the exhibit hall and fared forth to Camden Park, a 
resort a few miles out of the city. And what a big time 
it was—and everything, rides and eats and dancing, all 


free. 


aa ar mses a 
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Races were staged and games played, the biggest 
attraction, however, being the ball game between the 
engineers and the exhibitors, and, of course, as might 
have been expected, the engineers won, the score being 
9 to 5, or thereabouts. The engineers’ team was com- 
posed of the following members: V. J. Bastain, of 
Chicago, manager and also one of the umpires; C. R. 
Nelson, of Chicago, catcher and captain; Raymond C. 
Duemler, of Philadelphia, 2nd base; Garret Burgess, 
of Detroit, pitcher; A. F. Roseboom, of Dayton, Ohio, 
shortstop; F. W. Kaiser, of Piqua, Ohio, center field; 
Harry Leonhard, of Buffalo, 1st base; P. F. Cassidy, of 
New York City, 3rd. base; John I. Fouty, of Wheeling, 
Va., right field; T. M. Wilson, of Tacony, left field. 

The supplymen’s team was composed of the follow- 
ing members: Hauer, 3rd base; Jenkins, shortstop; 
Mayer, 2nd base; Russ, pitcher; White, 1st base; Abell, 
center field ; Kerner, left field ; Blessing, catcher; Kinsey, 
right field; Sam Forse, manager and second umpire. 

The game was followed by other field sports, such as 
a 100-yd. dash, tug -of war, baseball throwing contest 
for ladies, walking contest for men, and a fat men’s race. 
Thursday morning reports from the various commit- 
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tees were heard. The mileage committee reported the 
total mileage of the delegates as 211,139, which at 5 
cents per mile and 1 cent additional for extra traveling 
expenses, called for the disbursement of a total of 
$12,668.34. 

After the reading of the report of the Board of Trus- 
tees, which, much to the surprise and satisfaction of all 
concerned, revealed the fact that the total receipts for 
the year were $23,010.44, or about 25 per cent in excess 
of that of the previous year, the Technical Committee 
gave an account of its work and offered a number of 
recommendations, one of which was a request for the 
sum of $100 to be set aside for its use in defraying inci- 
dental expenses. 

The Referendum Committee reported favorably on 
the following proposals, which will be submitted to a 
referendum vote of the subordinate associations: 

By California No. 2. Subordinate Constitution. New 
section to be known as Section 7, as follows: 

‘* Any Subordinate Section may elect to Junior Mem- 
bership any white person over 18 yr. of age who is work- 
ing in any power plant where motive power is derived 





from steam, gas, water, air or electricity, and under 
the direction of the engineer in charge. 
‘‘The applicant shall be subject to the same rules 


’ and regulations as govern the applicant for active mem- 


bership as per Article 7. A Junior Member shall not 
hold any elective office or represent his association as a 
delegate or alternate. A special card and application 
shall be used for this class of membership. 

**At the age of 21 yr. he shall cease being a Junior 
Member and may become a regular member without 
examination or ballot, except when affiliating with a 
brother association. ’’ 

By Kansas No. 5. Subordinate Constitution. Amend 
Article 4, Section 1, as follows: 

‘*The elective officers of this association shall be pres- 
ident, vice-president, recording secretary, corresponding 
secretary, financial secretary, treasurer, conductor, door- 
keeper, and three trustees, who shall be separately elected 
by ballot at the first regular meeting in December of 
each year, and be installed at the first regular meeting 
in January following.’’ 

- By Ohio No. 19, National Constitution. Strike out 
in Section. 5, Article 15, page 21, the following: 
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‘‘The National Treasurer shall receive annually the 
sum of three hundred dollars ($300) for his services, to 
be paid quarterly’’ and insert: 

‘‘The National Treasurer shall receive six hundred 
dollars ($600) per annum, payable quarterly.’’ 

Next on the program was a paper by J. B. McGowan, 
Chairman of the Power Plant Costs Committee, on the 
subject of ‘‘Power Plant Records.’’ Considerable dis- 
cussion followed and a rising vote of thanks was tendered 
Mr. MeGowan for his paper. 

At the annual Memorial Services, held at 11:15 
o’clock, the names of the members who had passed away 
during the year were read by National Secretary Raven, 
after which the delegates stood with bowed heads while 
Robert Jones sang ‘‘ Nearer My God to Thee.’’ 

At the Thursday afternoon session, the report of the 
Resolutions Committee was presented. The committee’s 
recommendation concurrent with the President’s sugges- 
tion that delegates legislate sufficient funds so that state 
deputies could act as organizers was adopted by the 
convention. 

The committee also favored increasing the National 
Treasurer’s salary and referred this to the Ways and 
Means Committee. 

In regard to revising the constitution by eliminating 
from the preamble reference to strikes, the committee did 
not report favorably on this proposal and it was there- 
fore rejected. ; 

The last of the technical papers were given this after- 
noon. C. A. Cahill, consulting engineer of Milwaukee, 
took up in a very able manner ‘‘The Relations of the 
Consulting and Operating Engineer’’ and, in defining 
the sphere of the consulting engineer, stated that his 
relations to his client are practically the same as that 
of a lawyer to his client. The author also called atten- 
tion to the fact that the free consulting service offered 
by many manufacturers is mainly a selling point and 
that often the engineer or plant owner who avails him- 
self of this service is badly ‘‘stung’’ and pays fancy 
prices for his equipment that in no way is suitable to 
his conditions. He also touched on the conditions re- 
vealed in power plants in general by the recent war 
through the work of-the Fuel Administration, under 
which he served. 

‘** Attention to Details of Operating Routine in Power 
Plants’’ was the title of the following discussion, opened 
by John W. Lane. 

Entertainers of exceptional ability appeared on the 
Exhibitors’ program Thursday evening. Jack Armour 
held the stage for 15 min. with rapid fire jokes and 
impersonations, while Billy Murray, known to thousands 
by his phonograph records, was given the final number, 
‘*Let’s Go.’’ 

Roy Pilcher, Huntington pianist and orchestra 
leader, led off with an overture. He was followed by 
W. C. Chambers, of the United States Rubber Co., who 
is a yodler of the class which seldom appears on the 
impromptu concert program; he was repeatedly encored 
by the large number present. 

Fred Hickey, as the ‘‘Loop Hound,’’ whereof much 
has been said and unsaid in both ‘‘Life’’ and ‘‘Judge,”’ 
was the third attraction. Pantomime, facial contortions 
and burlesque songs combined to create general convul- 
sions in the audience, and it required the clear music 
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of Bobby Jones’ tenor voice to quiet the crowd. Jones 
represents the France Packing Co. when not singing for 
his friends or at conventions. 

Friday forenoon was given over to unfinished busi. 
ness, the election of officers for the ensuing year, and 
the selection of the 1920 convention city which, as jn 
1914, is to be Milwaukee. / 

John J. Calahan was elected president; Alfred John. 
son, vice-president; F. W. Raven, secretary, and §. B. 
Forse, treasurer. 


THE EXHIBITORS 


Among those having exhibitions of steam power plant 
equipment and supplies were the following: 

Anchor Packing Co., Philadelphia, Pa. 

Ashton Valve Co., Boston, Mass. 

Allis-Chalmers Mfg. Co., Milwaukee, Wis. 

American Engineering Co., Philadelphia, Pa. 

American Steam Conveyor Corp., Chicago, IIl. 

V. D. Anderson Co., Cleveland, Ohio. 

Arrow Boiler Compound Co., St. Louis, Mo. 

Banks Supply Co., Huntington, W. Va. 

Babbitt Steam Specialty Co., New Bedford, Mass. 

Badenhausen Co., Philadelphia, Pa. 

Budd Grate Co., Philadelphia, Pa. 

Chapman Valve Mfg. Co., Indian Orchard, Mass. 

A. W. Chesterton Co., Boston, Mass. 

Crandall Packing Co., Palmyra, N. Y. 

Chicago Fuse Mfg. Co., Chicago, Ill. 

Crane Packing Co., Chicago, IIl. 

Dominion Asbestos and Rubber Corp., New York. 

M. H. Detrick Co., Chicago, Ill. 

Dearborn Chemical Co., Chicago, Ill. 

Joseph Dixon Crucible Co., Jersey City, N. J. 

Edward Valve & Mfg. Co., Chicago, Ill. 

Elliott Co., Pittsburgh, Pa. 

Emmons-Hawkins Hardware Co., Huntington, W. Va. 

France Packing Co., Philadelphia, Pa. 

Fisher Governor Co., Marshalltown, Ia. 

Foxboro Co., Foxboro, Mass. 

J. B. Ford Co., Wyandotte, Mich. 

Garlock Packing Co., Palmyra, N. Y. 

Garrett-Callahan Co., Chicago, Ill. 

Gem City Boiler Co., Dayton, Ohio. 

Greene-Tweed & Co., New York City. 

Hawk-Eye Compound Co., Chicago, III. 

Home Rubber Co., Trenton, N. J: 

Paul B. Huyette Co., Ine., Philadelphia, Pa. 

Johns-Pratt Co., Hartford, Conn. 

Jenkins Bros., New York City. 

H. W. Johns-Manville Co., New York City. 

Keystone Lubricating Co., Philadelphia, Pa. 

A. Leschen & Sons Rope Co., St. Louis, Mo. 

Locomotive Superheater Co., New York City. 

Lunkenheimer Co., Cincinnati, Ohio. 

Lynch-Clarissey Co., Chicago, Ill. 

Marion Foundry Corp., Marion, Ind. 

Mason Regulator Co., Boston, Mass. 

McLeod & Henry Co., New York City. 

Mechanical Rubber Co., Cleveland, Ohio. 

Miller Supply Co., Huntington, W. Va. 

Moore Oil Refining Co., Cincinnati, Ohio. 

National Engineer, Chicago, I]. 

National Educational Committee. 
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National Tube Co., Pittsburgh, Pa. 

New York Belting & Packing Co., New York City. 

Ohio Blower Co., Cleveland, Ohio. 

Otis Elevator Co., New York City. 

Perolin Co., New York City. 

Philadelphia Grease Mfg. Co., Philadelphia, Pa. 

Pioneer Rubber Mills, San Francisco, Cal. 

Wm. Powell Co., Cincinnati, Ohio. 

Power Plant Engineering, Chicago, Il. 

Power, New York City. 

Pure Oil Co. 

Quaker City Rubber Co., Philadelphia, Pa. 

Richardson Seale Co., New York City. 

Roto Co., Hartford, Conn. 

Scully Steel & Iron Co., Chicago, Ill. 

Sinclair Refining Co. 

Southern Engineer, Atlanta, Ga. 

Standard Mfg. & Sales Co., Philadelphia, Pa. 

C. E. Squires Co., Cleveland, Ohio. 

Sugar Beet Products Co., Saginaw, Mich. 

Texas Co., New York City. 

Trill Indicator Co., Corry, Pa. 

Uehling Instrument Co., New York City. 

Underfeed Stoker Co., Detroit, Mich. 

Uniflow Boiler Co., Philadelphia, Pa. 

United States Rubber Co. 

Vasil Steam Systems Co., Washington, D. C. 

Vorhees Rubber Mfg. Co., Jersey City, N. J. 

Vulcan Soot Cleaner Co., Du Bois, Pa. 

D. T. Williams Valve Co., Cincinnati, Ohio. 

Election of officers of the National Exhibitors’ Asso- 
ciation took place Thursday, at which time the following 
were elected : 

H. A. Smith, of the Philadelphia Grease Co., Phila- 
delphia, Pa., was made president; F, N. Chapman, 
Leschen Rope Co., St. Louis, Mo., vice-president, and 
A. W. Franee, of the France Metallic Packing Co., Phil- 
adelphia, treasurer. The Executive Committee consists 
of Frank Martin, Hudson Dickerman, W. H. Rand, 
W. L. Schaeffer and Chas. McDonald. 


Compartment Condensers 


NEW and valuable development in steam surface 
A condensers is a ‘‘compartment condenser’’ that 

can be cleaned while in service, without shutting 
down the turbine. Any-tube or tubes may be temporarily 
plugged and other repairs made without taking the con- 
denser out of service. 

This condenser will enable the chief engineer to main- 
tain constantly clean condensers, hence a constantly high 
vacuum. All engineers of experience know that in addi- 
tion to increasing output a high vacuum means low fuel 
consumption and a considerable saving in money year 
in and year out. 

Also, upon installation of this condenser, there need 
he no interference with the operation of the turbine. 
At the present time, in many important power stations, 
even where water conditions are regarded as good, it is 
necessary occasionally to shut down the turbine for a 
period sufficiently long to give the condenser a thorough 
cleaning. In such cases, and in fact in all cases where 
continuous and highly efficient operation are desirable, 
this new type will fill a long-felt want. 
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To clean the average condenser is not a difficult task, 
but it is time-consuming, and for that reason the chief 
engineer is naturally tempted to put cleaning off until 


‘**tomorrow,’’ or ‘‘next week,’’ or ‘‘next month.’’ Dur- 


ing his wait for the opportune time the vacuum gradually 
drops, and with the drop coal wastage increases. Some- 
times the loss of vacuum amounts to several inches of 
mercury. 

The illustration shows clearly how the compartments 
are arranged. The condenser shown is divided into four 
compartments, each compartment being equipped with 
a set of valves to control the circulating water. To clean 
the condenser while the turbine is delivering full power, 
the operator simply shuts off the water from one com- 
partment, removes the cover, cleans the tubes, replaces 
the cover, turns on the water again, and then passes on 
to the next compartment, repeating the operation until 



































































COMPARTMENT CONDENSER, SHOWING ARRANGEMENT OF 
COMPARTMENTS 

the four compartments or the entire condenser is clean. 

Thus, while one compartment is being cleaned, the other 

compartments are in full operation, temporarily taking 

over the entire turbine load. 

An advantage that will not be overlooked by engi- 
neers in localities where water is bad is that no matter 
how severe the water conditions may be, the compartment 
condenser will take care of the cleaning problem. Shut- 
downs for frequent cleanirfg will become a thing of the 
past. This condenser can be cleaned as many times per 
week or month as desired. 


In A paper in the comptes Rendus, A. Vronnet sets 
forth physical considerations supporting the belief that 
the temperature at the center of the sun, instead of being 
millions of degrees, as required by formula for a perfect’ 
gas. cannot be much more than 10,000 deg. Cent. 
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Dedication of the Bureau of Mines 


Laboratories 


ANY mechanical engineers and others who are 
M interested in the problem of obtaining greater 

efficiency in the burning of coal, especially since 
the inerease in the price of coal has made the problem 
even more urgent than ever before, are attending the 
dedication of the new million dollar laboratories of the 
Bureau of Mines, Department of the Interior, in Pitts- 
burgh, Pa., Sept. 29, 30 and Oct. 1. 

The fuel investigations of the Bureau of Mines con- 
stitute a large and important part of the work of the 
Bureau and ample recognition of this fact will be seen 
in the arrangements of the new laboratories and their 
equipment for the highest grade of research and routine 
work. It is here that typical coals, gathered from all 
parts of the country, are analyzed and tabulated in such 
a manner as to give to the public general information 
of the coal fields of the country. It is also here that 
the actual experiments in the combustion of coal take 
place under experts and their findings are given pub- 
lication. 
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picture prepared by the National Coal Association, ‘The 
Story of Coal.’’ 

The contests in the National Safety First-Aid and 
Mine-Rescue Meet will be held at Forbes Field, also the 
awarding of the state and national championships, 
There will be a demonstration of the explosibility of 
coaldust at Forbes Field and the Chamber of Commerce 
will present a pageant typifying the spirit of the mining 
industry with music by the band of the Carnegie Insti. 
tute of Technology. Announcement of the J. A. Holmes 
Safety Association will be made by Dr. Van H. Man- 
ning. Other events of scientific and social interest are 
also arranged for. 


Removing Iron Rust from Concrete 
SOLUTION of hydrochloric acid and stannous 
acid will remove iron rust from concrete, and will 

istered rapidly and the face immediately washed with 

clean water. The solution mentioned has an affinity for 


By Mark MEreEpITH 
not injure the concrete if the treatment is admin- 
carbonate of lime, consequently it should not be used 


NEW MILLION DOLLAR LABORATORIES OF THE U. S. BUREAU OF MINES AT PITTSBURGH 


So far has this work advanced, the National Fuel 
Administration, organized during the war to urge the 
greatest conservation of fuel as a means of helping to 
win the war, builded on the work of the Bureau of 
Mines and distributed to the public a large number of 
the publications of the Bureau, and also called upon the 
Bureau in an advisory capacity in many cases. 

The Bureau of Mines has been the pioneer in the 
combustion experiments in the United States and has 
issued a number of reports that are well known to engi- 
neers and firemen. 

In co-operation with the Pittsburgh Chamber of 
Commerce, the Bureau of Miyes completed an elaborate 
program of events which includes the presence of high 
Government and State Government officials besides the 
leading men of scientific and mining thought in this 
country. At Bruceton, Pa., 14 mi. from Pittsburgh, pre- 
arranged explosion of coal dust will take place in the 
Experimental Mine as a demonstration to the visitors 
and after that there will be an inspection of the mine 
and the explosives testing plant. There will be a moving 


where hydrated lime has been incorporated in the mix- 
ture. Rough finished cement stucco should be treated by 
spraying with the above solution, as the result will be 
more thorough and the work more rapid than by the 
use of a brush. 


U. S. Crvin Service CoMMISSION announces an exam- 


ination, Oct. 7, for junior physicist. Vacancies in the 
Bureau of Mines, Department of the Interior, at $1500 
a year, and vacancies in positions requiring similar qual- 
ifications, at this or higher or lower salaries, will be filled 
from this examination. Competitors will be rated on 
general physics, chemistry, and mathematics; special ed- 
ucation and experience in fuel-gas analysis and high- 
temperature measurements, general education and ex- 
perience, and must not have reached: their fortieth 
birthday on the date of the examination. Apply for 
Form 1312. 


A GREAT OPPORTUNITY will only make you ridiculous 
unless you are prepared for it—THr NEw Success. 
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Making Provisions for Water Shortage 
in California 


HE California State Railroad Commission recently 

made a week’s inspection trip over the properties 

of the Pacific Gas and Electric Co. to determine 
how best to handle the present water shortage affecting 
both irrigation and power systems, and to map plans for 
future control of the water so that maximum energy 
ean be derived and the possibility of water shortage 
overcome. ‘ 

Present engineering plans call for the harnessing 
of California’s streams from Butte to Sierra County 
and from El Dorado and Calaveras down into the San 
Joaquin Valley, utilizing first for power and later for 
irrigation wherever possible. 

So perfect is the unification of the hydro-electric 
systems already developed by the Pacifie Gas and Elec- 
trie Co. that the throwing of a switch far back in the 
Sierras regulates the energy of the entire system. 

The company is adding 15 ft. to the Lake Spaulding 
dam which backs up the waters of the South Yuba and 
operates the Drum power house on Bear River gorge, 
9 mi. below. This, when completed this year, will have 
a height of 275 ft. from the bottom of the gorge, im- 
pounding 74,000 acre-feet of water. It is this lake that 
furnishes electric power and water for the farms of 
the Sacramento Valley. The Pitt River project will 
add 200,000 hp. to the company’s output. The company 
has 13 power houses, the commission visiting all but 
one. They have a hersepower capacity of 163,003, 
which, with the capacities of the steam electric horse- 
power, totals 263,539. A steam turbine plant being 
erected in San Francisco will increase this to 283,646. 

These power plants are scattered over a ‘wide range 
of territory, as may be seen from the following list, the 
figures indicating the horsepower : 

Alta, Placer County 

Centerville, Butte County 

Coal Canyon, Butte County 

Colgate, Yuba County 

De Sabla, Butte County 

Deer Creek, Nevada County 

Drum, Placer County 

Electra, Amador County 

Folsom, Sacramento County 

Halsey, Placer County 

Lime Saddle, Butte County 

Spaulding, Nevada County 

Wise, Placer County 

To carry the products of these plants to the 219,412 
electric consumers, the company maintains 120.43 mi. 
of 110,000-v. line; 1432.4 mi. of 60,000-v. line; 97.6 mi. 
of 24,000-v. line; 92.9 mi. of 17,000-v. line. The number 
of substations on the system is 156. 

The company is extending its Wise power line from 
its junction with the Electric line east of Stockton 
to a new station to be built at Newark. All the hydro- 
electric systems in Northern California are intercon- 
nected, a provision made necessary by wartime demands, 
and following a pool of all the power generated in 
Northern California. The distribution is under the 
direction of a power administrator appointed at the 
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suggestion of the Railroad Commission. To connect 
the Pacific Gas and Electric system with the Oregon- 
California system required the construction of a line 
costing $150,000. The line is 60,000-v. capacity, is about 
42 mi. long and extends from Colusa Corners to the 
Drum line. 

One novel construction feature is a tunnel through 
4400 ft. of solid granite, which carries water from Lake 
Spaulding to the Drum power house. On its way it 
operates a small capacity power plant practically cut 
into the solid rock. 


Government Investigation of Salt Lake 


City Smoke 


ALT LAKE CITY has arranged for a thorough in- 
S vestigation of its smoke conditions. For years, the 
atmospheric condition in the winter time had been 
getting worse, owing to the increase in size of the city, 
until the subject is now one which is engaging the best 
efforts of the citizens. 

The peculiar location of the city with respect to the 
surrounding territory is an important factor in the 
smoke situation. Surrounded as it is, with a chain of 
high mountain peaks, the air movements, especially in 
the winter time, are so limited as to leave a pall of 
smoke hanging over the city which is a serious menace 
to health. F 

The work will be done by the United States Bureau 
of Mines in co-operation with the University of Utah 
and will extend throughout the coming heating season. 
Osborn Monnett, Consulting Engineer of Chicago, has 
been retained by the Bureau to direct the work. Prelim- 
inary investigation is already under way, including a 
soot fall study of the city, jars being located at 20 dif- 
ferent points. The precipitate will be collected and ex- 
amined both chemically and microscopically as the sea- 
son progresses. The scope of the work will include not 
only smoke but also smelter gases, using for this purpose 
the latest methods as developed by the chemists of the 
Bureau of Mines. Determination of SOz will be made 
down to one tenth of one part per million. 

Ringelman chart readings will be made of the differ- 
ent classes of smoke producers and data collected on 
coal consumption to determine the amount of smoke 
made by various coal users and their relative importance 
in the smoke situation. 

Throughout the investigation a detailed study will 
be made of possible solutions for the problem, experi- 
ments with various types of equipment being made at 
the laboratory of the Bureau of Mines and at the 
University. 

In connection with the work, a campaign of educa- 
tion will be conducted, informing the citizens as to the 
best methods of the smoke abatement and a corps of 
demonstrators will make a house to house canvass to 
instruct house owners in the handling of their heating 
equipment. 

In connection with the investigation there will be 
a careful study made of the coking properties of the 
local coals together with a possible market for the by- 
products from them. In low temperature coking, there 
is a considerable amount of volatile matter left in the 
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coke which has the effect of a fuel somewhat similar to 
‘semi-bituminous coal, making it easily ignited and 
adaptable to house heating equipment without instruc- 
tions on the part of the user. 

Complete recommendations will be made and a ra- 
tional program laid out for the city governing its future 
policy toward the smoke problem and looking toward the 
complete elimination of smoke in the city. 


News Notes 


A STATE CONVENTION of the engineers and architects 
of Ohio will be held in Columbus, Ohio, on Oct. 14 and 
15 under the auspices of the Association of Ohio Tech- 
nical Societies. Four principal subjects will be ad- 
vanced. M. O. Leighton, chairman of the Engineers’, 
Architects’ and Constructors’ Conference, will speak on 
‘*The National Department of Public Works;’’ Dr. F. H. 
Newell, of the American Association of Engineers, will 
speak on ‘Closer Co-operation in the Engineering Pro- 
fession;’’ Charles Whiting Baker, consulting editor of 
the Engineering News-Record, will address the conven- 
tion on the ‘‘Compensation of Engineers and Archi- 
tects;’’ and Professor Gardner S. Williams, of the Uni- 
versity of Michigan, will discuss the ‘‘Registration of 
Engineers and Architects.’’ 


WorTHINGTON Pump AND MACHINERY CORPORATION 
announces its purchase of the plant, patterns, accounts, 
patents and other assets of the Epping-Carpenter Pump 
Co., located at Pittsburgh. The plant will be operated 
as the ‘‘Epping-Carpenter Works.’’ Orders and con- 
tracts now in hand will be completed by the Worthing- 
ton Pump and Machinery Corporation, and all further 
business will be for its account. Remittances should be 
made to, and all correspondence should be addressed to 
the corporation at the Epping-Carpenter Works, No. 10, 
43rd St., Pittsburgh, Pa. 


THe Automatic Furnace Co. of Dayton, Ohio, an- 
nounces the opening of a Chicago office at 231 Insurance 
Exchange Bldg., in charge of Alfred J. Saxe. 


THe Steam Morors Co., Springfield, Mass., announces 
that R. W. Jackson, with offices in the Monadnock Build- 
ing, has been appointed representative of the company 
for the Chicago territory. 


E. B. Bapger & Sons Co. announces the opening of 
an office in Chicago with Harry E. Wheeler as manager, 
who is prepared to quote on requirements for air wash- 
ers for turbo-generators, spray ponds, or cooling towers 
for cooling water for condensing plants. 


Messrs. Witson & Morison, 408 Rialto Building, St. 
Louis, Mo., have been appointed exclusive agents for 
The Ashton Valve Co. As such they will act as direct 
representatives in the stationary and marine engineer- 
ing line throughout St. Louis and its contributory ter- 
ritory. 


From Sept. 9 to 12 inclusive, salesmen and lubricat- 
ing engineers of the Pittsburgh district of The Keystone 
Lubricating Co., Philadelphia, held a semi-annual con- 
vention at the Huntington Hotel, Huntington, W. Va. 
Interestmg talks were given, prominent among the 
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speakers having been H. A. Buzby, Vice-President anq 
General Manager, and T. O. Organ, Consulting Engi- 
neer, who presented a most interesting and instructive 
lecture on lubrication. 


ANNOUNCEMENT is made by the Williamsport Wire . 
Rope Co., Williamsport, Pa., of the establishment of a 
branch office and warehouse at Chicago under the diree. 
tion of C. M. Ballard. The Chicago office is located at 
122 South Michigan Ave., and the warehouse at 755 
West Quincy St. 


THE AMERICAN STEAM Conveyor Corp., of Chicago, 
announces the appointment of Morton Mel. Dukeheart 
& Co. as their representatives in Baltimore and the sur. 
rounding territory, which includes all of Maryland and 
the District of Columbia and a few counties in Pennsy)- 
vania, Delaware, West Virginia and Virginia. 


HAVING BEEN RELIEVED from government service, R. 
S. Tilden and S. Herzig have again entered business 
to do general engineering and construction work under 
the firm name of Tilden & Herzig, Incorporated. The 
new firm will be located at 188 Montague St., Brook- 
lyn, N. Y. 


U. S. Civit Service CoMMISSION announces the post- 
ponement from Aug. 26 to Oct. 14, of the close of receipt 
of applications for the examination for assistant me. 
chanical engineer. Vacancies in the Bureau of Mines, 
Pittsburgh, Pa., at $1500 to $1680 a year, and in posi- 
tions requiring similar qualifications throughout the 
United States, at these or higher or lower salaries, will 
be filled from this examination. Apply for Form 1812. 


Catalog Notes 


THe Heine Sarety Borer Co., St. Louis, Mo., has 
just completed the printing of ‘‘Marine Boiler Logie,”’ 


_a 69-page booklet dealing with the fundamental design 


of marine cargo carriers. The booklet was written by 
Chas. H. Stoddard, consulting marine engineer of the 
Heine Co. The main part of the booklet relates to the 
design and construction of Scotch and water-tube boilers 
for marine purposes. Evaporative capacities are worked 
out for the two types, using coal or oil as fuel, with 
natural or forced draft. The booklet contains also a 
discussion of power and speed of cargo vessels, formulas 
being developed showing the relation between boiler and 
prime mover capacity, and the dimensions of the hull. 
In making these computations, the method developed by 
Rear Admiral D. W. Taylor of the United States Navy 
has been used, with certain modifications suggested by 
Mr. Stoddard’s experience. 


DiamMonp Power SpeciIAuty Co, literature has always 
been distinguished by its direct appeal to the engineer- 
ing knowledge and sound business judgment for its 
readers. This is particularly true of Bulletin No. 132, 
‘‘Profits that Get Away Through, Your Boiler Room,” 
just issued by the company. This bulletin deals first 
with the importance of exercising business-like super 
vision over the boiler room; the effect of soot on boiler 
efficiency; and in its concluding pages describes soot 
blowers for horizontal return tubular boilers. The book 
is well illustrated with charts, graphs and ledger sheets 
showing actual improvements effected. ° 





